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MMBT5088L 

2-231 

MMBT5089L 

2-231 

MMBT5401L 

2-232 

MMBT5550L 

2-233 

MMBT5551L 

2-233 

MMBT6427L 

2-234 

MMBT6428L 

2-235 

MMBT6429L 

2-235 

MMBT6517L 

2-236 

MMBT6520L 

2-237 

MMBT8598L 

2-238 

MMBT8599L 

2-238 

MMBT918L 

2-212 

MMBT930L 

2-214 

MMBTA05L 

2-239 

MMBTA06L 

2-239 

MMBTA13L 

2-240 

MMBTA14L 

2-240 

MMBTA20L 

2-241 

MMBTA42L 

2-242 

MMBTA43L 

2-242 

MMBTA55L 

2-243 

MMBTA56L 

2-243 

MMBTA63L 

2-244 

MMBTA64L 

2-244 
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ALPHANUMERIC INDEX (Continued) 


Motorola 

Part 

Number 

Data 
Sheet 
Page No. 

MMBZ5253BL 

5-57 

MMBZ5254BL 

5-57 

MMBZ5255BL 

5-57 

MMBZ5256BL 

5-57 

MIVIBZ5257BL 

5-57 

MMPQ2222 

2-251 

MMPQ2222A 

2-251 

MMPQ2369 

2-253 

MMPQ2907 

2-254 

MMPQ2907A 

2-254 

MMPQ3467 

2-256 

MMPQ3725 

2-257 

MMPQ3725A 

2-257 

MMPQ3762 

2-258 

MMPQ3904 

2-259 

MMPQ3906 

2-260 

MMPQ6700 

2-261 

MMPQ6842 

2-262 

MPF102 

4-171 

MPF3330 

4-179 

MPF3821 

4-180 

MPF3822 

4-180 

MPF3970 

4-181 

MPF3972 

4-181 

MPF4221 

4-183 

MPF4222A 

4-183 

MPF4223 

4-184 

MPF4224 

4-184 

MPF4391 

4-185 

MPF4392 

4-185 

MPF4393 

4-185 

MPF4856 

4-189 

MPF4856A 

4-189 

MPF4857 

4-189 

MPF4857A 

4-189 

MPF4858 

4-189 

MPF4858A 

4-189 

MPF4859 

4-189 

MPF4859A 

4-189 

MPF4860 

4-189 

MPF4860A 

4-189 

MPF4861 

4-189 

MPF4861A 

4-189 

MPF6659 

4-55 

MPF6660 

4-55 

MPF6661 

4-55 

MPF820 

4-172 

MPF89 

4-170 

MPF910 

4-142 

MPF930 

4-174 


Motorola 

Part 

Number 

Data 
Sheet 
Page No. 

MPS3568 

2-315 

MPS3638 

2-316 

MPS3638A 

2-316 

MPS3640 

2-318 

MPS3646 

2-320 

MPS3702 

2-322 

MPS3703 

2-322 

MPS3704 

2-323 

MPS3705 

2-323 

MPS3866 

2-324 

MPS3903 

2-326 

MPS3904 

2-326 

MPS3906 

2-332 

MPS3969 

2-315 

MPS4123 

2-334 

MPS4124 

2-334 

MPS4125 

2-335 

MPS4126 

2-335 

MPS4249 

2-336 

MPS4250 

2-336 

MPS4258 

2-338 

MPS5179 

2-340 

MPS536 

2-293 

MPS650 

2-296 

MPS6507 

2-342 

MPS651 

2-296 

MPS6520 

2-343 

MPS6521 

2-343 

MPS6523 

2-343 

MPS6530 

2-344 

MPS6531 

2-344 

MPS6534 

2-345 

MPS6560 

2-346 

MPS6562 

2-346 

MPS6568A 

2-347 

MPS6570A 

2-347 

MPS6571 

2-349 

MPS6601 

2-350 

MPS6602 

2-350 

MP$6651 

2-350 

MPS6652 

2-350 

MPS6714 

2-355 

MPS6715 

2-355 

MPS6716 

2-356 

MPS6717 

2-356 

MPS6724 

2-357 

MPS6725 

2-357 

MPS6726 

2-358 

MPS6727 

2-358 

MPS6733 

2-359 


Motorola 

Part 

Number 

Data 
Sheet 
Page No. 

MPF960 

4-174 

MPF970 

4-175 

MPF971 

4-175 

MPF990 

4-174 

MPN3404 

5-58 

MPN370Q 

2-263 

MPN3700 

5-55 

MPQ2221 

3-358 

MPQ2222 

3-358 

MPQ2369 

3-360 

MPQ2483 

2-265 

MPQ2484 

2-265 

MPQ2906 

3-363 

MPQ2907 

3-363 

MPQ3467 

2-267 

MPQ3546 

3-366 

MPQ3725 

2-268 

MPQ3725A 

2-268 

MPQ3762 

2-270 

MPQ3798 

2-272 

MPQ3799 

2-272 

MPQ3904 

2-274 

MPQ3906 

2-275 

MPQ6001 

2-277 

MPQ6002 

2-277 

MPQ6100 

2-280 

MPQ6100A 

2-280 

MPQ6426 

2-282 

MPQ6427 

2-282 

MPQ6501 

2-277 

MPQ6502 

2-277 

MPQ6600 

2-280 

MPQ66QQA 

2-280 

MPQ6700 

2-284 

MPQ6842 

2-288 

MPQ7041 

2-291 

MPQ7042 

2-291 

MPQ7043 

2-291 

MPQ7091 

2-292 

MPQ7092 

2-292 

MPQ7093 

2-292 

MPS2222 

2-303 

MPS2222A 

2-303 

MPS2369 

2-307 

MPS2907 

2-309 

MPS2907A 

2-309 

MPS3403 

2-313 

MPS3563 

2-299 

MPS3566 

2-314 

MPS3567 

2-315 
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Motorola 

Part 

Number 

Data 
Sheet 
Page No. 

MV1405H 

5-65 

MV209 

5-42 

MV2101 

5-48 

MV2102 

5-48 

MV2103 

5-48 

MV2104 

5-48 

MV2105 

5-48 

MV2106 

5-48 

MV2107 

5-48 

MV2108 

5-48 

MV2109 

5-48 

MV2110 

5-48 

MV2111 

5-48 

MV2112 

5-48 

MV2113 

5-48 

MV2114 

5-48 

MV2115 

5-48 

MV409 

5-44 

MVAM108 

5-67 

MVAM109 

5-67 

MVAM115 

5-67 

MVAM125 

5-67 

P2N2222 

2-447 

P2N2222A 

2-447 

P2N2907 

2-449 

P2N2907A 

2-449 

P2N3019 

2-451 

P2N4033 

2-454 

PBF259 

2-443 

PBF259R 

2-444 

PBF259RS 

2-444 

PBF259S 

2-443 

PBF493 

2-445 

PBF493R 

2-446 

PBF493RS 

2-446 

PBF493S 

2-445 

U308 

4-191 

U309 

4-191 

U310 

4-191 

VN0610LL 

4-196 

VN10LM 

4-195 

VN2222LL 

4-197 


Motorola 

Part 

Number 

Data 
Sheet 
Page No. 

MPSW01 

2-417 

MPSW01A 

2-417 

MPSW05 

2-420 

MPSW06 

2-420 

MPSW10 

2-423 

MPSW13 

2-424 

MPSW14 

2-424 

MPSW42 

2-427 

MPSW43 

2-427 

MPSW45 

2-430 

MPSW51 

2-431 

MPSW51A 

2-431 

MPSW55 

2-434 

MPSW56 

2-434 

MPSW63 

2-437 

MPSW64 

2-437 

MPSW92 

2-440 

MPSW93 

2-440 

MQ1120 

3-309 

MQ1129 

3-391 

MQ2218 

3-312 

MQ2218A 

3-312 

MQ2219 

3-312 

MQ2219A 

3-312 

MQ2369 

3-317 

MQ2904 

3-320 

MQ2905A 

3-320 

MQ3251 

3-325 

MQ3467 

3-330 

MQ3725 

3-334 

MQ3762 

3-337 

MQ6001 

3-342 

MQ6002 

3-342 

MQ7001 

3-347 

MQ7003 

3-350 

MQ7007 

3-352 

MQ7021 

3-354 

MQ982 

3-305 

MSOfilOOX 

5-60 

MS06102 

5-61 

MS06150 

5-62 

MV104 

5-63 

MV105G 

5-40 

MV1401 

5-65 

MV1401H 

5-65 

MV1403 

5-65 

MV1403H 

5-65 

MV1404 

5-65 

MV1404H 

5-65 

MV1405 

5-65 


Motorola 

Part 

Humber 

Data 
Sheet 
Page No. 

MPS6734 

?-359 

MPS6735 

2-359 

MPS750 

2-296 

MPS751 

2-296 

MPS8093 

2-360 

MPS8097 

2-361 

MPS8099 

2-362 

MPS8598 

2-362 

MPS8599 

2 '362 

MPS91 8 

2 299 

MPS929A 

2-301 

MPSA05 

2 36/ 

MPSA06 

2 36/ 

MPSA13 

2 3/2 

MPSA14 

2 3/2 

MPSA16 

2 3/3 

MPSA17 

2 3/3 

MPSA18 

2 3/5 

MPSA20 

2 3/9 

MPSA27 

2 3B0 

MPSA28 

2 382 

MPSA29 

2 382 

MPSA42 

2 38‘1 

MPSA43 

2 384 

MPSA44 

2 386 

MPSA45 

2 386 

MPSA55 

2 36/ 

MPSA56 

2 36/ 

MPSA62 

2 389 

MPSA63 

2 389 

MPSA64 

2 389 

MPSA70 

2 390 

MPSA75 

2 391 

MPSA77 

2 391 

MPSA92 

2 393 

MPSA93 

2 393 

MPSD55 

2 39!) 

MPSH04 

2 396 

MPSH07 

! 2 39/ 

MPSH10 

' 2 400 

MPSH11 

2 400 

MPSH17 

2 403 

MPSH20 

2 404 

MPSH24 

2 40/ 

MPSH30 

2-410 

MPSH34 

2 411 

MPSH69 

2 412 

MPSH81 

2-413 

MPSL01 

2-415 

MPSL51 

2 416 
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Selector Guides 



The following selector guides highlight semiconductors 
that are the most popular and have a history of high usage 
for the most applications. 

These selector guides cover a wide range of small signal 
plastic and metal can semiconductors. 

A large selection of encapsulated plastic transistors, FETs 
and diodes are available for surface mount and insertion 
assembly technology. Plastic packages include TO-226AA, 
TO-226AE 1 Watt and SOT-23. Plastic multiples are available 
in 14-pin and 16-pin dual-in-line packages for insertion appli- 
cations: SO-8, SO-14 and SO-16 for surface mount 
applications. 

Metal can and ceramic packages are available for appli- 
cations requiring higher power dissipation or having her- 
metic requirements. TO-18, TO-205AD, TO-46, TO-52 and 
TO-72 packages contain discrete devices. There is a variety 
of ceramic dip and flatpacks available for multiple transis- 
tors, FETs and diodes. 

Devices which are JAN, JANTX, JTXV or CECC qualified 
are noted in the individual selector guides or in the Hi-Rel 
and Military Section of this selector guide. 
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Small-Signal 
Bipolar Transistors 



CASE 29-04 
TO-226AA 
(TO-92) 



Plastic-Encapsulated 

Motorola's small-signal TO-226 plastic transistors 
encompass hundreds of devices with a wide variety 
of characteristics for general purpose, amplifier and 
switching applications. The popular high-volume 
package combines proven reliability, performance, 
economy and convenience to provide the perfect 
solution for industrial and consumer design prob- 
lems. All devices are laser marked for ease of iden- 
tification and shipped in antistatic containers, as part 
of Motorola's ongoing practice of maintaining the 
highest standards of quality and reliability. 


CASE 29-03 
TO-226AE 
(1 WATT TO-92) 


Table 1. General-Purpose Transistors 

The general-purpose transistors are designed for small-signal amplification from dc to low radio frequencies. They are also 
useful as oscillators and general purpose switches. 





V(BR)CEO 

fj @ ic 

'c 




NF 



Pin 

Volts 

MHz 

mA 


hpE @ Ic 


Max 

NPN 

PNP 

Out 

Min 

Min mA 

Max 

Min 

Max 

mA 

dB 


TO-226AA (TO-92) 


BC546 

BC556 

CBE 

65 

150 

10 

100 

120 

450 

2.0 

10 

BC546A 

BC556A 

CBE 

65 

150 

10 

100 

120 

220 

2.0 

10 

BC546B 

BC556B 

CBE 

65 

150 

10 

100 

180 

450 

2.0 

10 

MPS8098 

MPS8598 

EBC 

60 

150 

10 

200 

100 

300 

1.0 

— 

MPSA05 

MPSA55 

EBC 

60 

100 

10 

500 

50 

— 

100 

— 

MPS651 

MPS751 

EBC 

60 

75 

50 

2000 

40 

— 

2000 

— 

BC182 

BC212 

CBE 

50 

200 

10 

100 

120 

460 

2.0 

10 

MPS5209 


EBC 

50 

30 

0.5 

50 

100 

300 

0.1 

3.0 

MPS5210 


EBC 

50 

30 

0.5 

50 

200 

600 

0.1 

2.0 

BC237 

BC307 

CBE 

45 

150 

10 

100 

120 

460 

2.0 

10 

BC547 

BC557 

CBE 

45 

150 

10 

100 

120 

450 

2.0 

10 

BC547A 

BC557A 

CBE 

45 

150 

10 

100 

120 

220 

2.0 

10 

BC547B 

BC557B 

CBE 

45 

150 

10 

100 

180 

450 

2.0 

10 

BC547C 

BC557C 

CBE 

45 

150 

10 

100 

380 

800 

2.0 

10 

BC317 

BC320 

CBE 

45 

250 

10 

150 

110 

450 

2.0 

10 

MPSA20 

MPSA70 

EBC 

40 

125 

5.0 

100 

40 

400 

5.0 

— 

MPS6531 

MPS6534 

EBC 

40 

390* 

50 

600 

10 

120 

100 

— 

MPS2222 

MPS2907 

EBC 

30 

250 

20 

600 

100 

300 

150 

— 

MPS3703 

MPS3705 

EBC 

30 

100 

50 

600 

30 

150 

50 

— 

MPS3704 

MPS3702 

EBC 

30 

100 

50 

600 

100 

300 

50 

— 

MPS6513 

MPS6517 

EBC 

30 

330* 

10 

100 

90 

180 

2.0 

— 

BC548 

BC558 

CBE 

30 

300* 

10 

100 

120 

300 

2.0 

10 

BC548A 

BC558A 

CBE 

30 

300* 

10 

100 

120 

220 

2.0 

10 

BC548B 

BC558B 

CBE 

30 

300* 

10 

100 

180 

450 

2.0 

10 

BC548C 

BC558C 

CBE 

30 

300 

10 

100 

380 

800 

2.0 

10 


2N5227 

EBC 

30 

100 

10 

50 1 

50 

700 

2.0 

— 


2N5226 

EBC 

25 

50 

20 

500 

30 

600 

50 

— 

MPS6514 

MPS6518 

EBC 

25 

480* 

10 

100 

150 

300 

2.0 

— 

MPS6515 

MPS6519 

EBC 

25 

480 

10 

100 

250 

500 

2.0 

— 

MPS5172 


EBC 

25 

120* 

5.0 

100 

100 

500 

10 

— 

MPS6560 

MPS6562 

EBC 

25 

60 

10 

500 

50 

200 

600 

— 

MPS6601 

MPS6651 

EBC 

25 

100 

50 

1000 

30 

150 

1000 

— 

BC238 

BC308 

CBE 

25 

150 

10 

100 

120 

800 

2.0 

10 

MPS5222 


EBC 

15 

450 

4.0 

50 

20 

150 

4.0 

— 

MPS5223 


EBC 

20 

150 

10 

100 

50 

800 

2.0 

— 
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Table 2. Low-Noise and Good hp^ Linearity 

These devices are designed to use on applications where good hpE linearity and low noise characteristics are required; 
Instrumentation, Hi-Fi Preamplifier. 






hpE 

Vjl 

NF2 

fT 



Pin 

V(BR)CEO 

(«' ic 

mV 

dB 

Typ 

NPN 

PNP 

Out 

Volts 

Min Max mA 

Typ 

Max 

MHz 


T0-226AA (TO-92) 


— 

MPS4249 

EBC 

60 

100 

— 

10 

_ 

3.0 

100 

— 

2N5087 

EBC 

60 

250 

— 

10 

— 

2.0 

40 

— 

MPS4250A 

EBC 

60 

250 

— 

10 

— 

2,0 

250 

— 

2N5086 

EBC 

50 

150 

— 

10 

— 

3.0 

40 

2N6428 

— 

EBC 

50 

250 

650 

0.1 

3.0** 

3.5*** 

loot 

2N6428A 

— 

EBC 

50 

250 

650 

0.1 

2.0** 

3.0*** 

loot 

BC239 

BC309 

CBE 

45 

120 

800 

2.0 

9.5 

2.0 

240 

BC414 

BC416 

CBE 

45 

180 

800 

2.0 

8.0 

2.5 

250 

BC550 

BC560 

CBE 

45 

180 

800 

2.0 

8.0 

2.5 

250 

BC550B 

BC560B 

CBE 

45 

180 

460 

2.0 

8.0 

2.5 

250 

BC550C 

BC560C 

CBE 

45 

380 

800 

2.0 

8.0 

2.5 

250 

BC651 

— 

EBC 

45 

380 

1400 

2.0 

— 

— 

300 

MPSA18 

— 

EBC 

45 

500 

— 

2.0 

7.0 

_ 

160 

MPS3904 

MPS3906 

EBC 

40 

100 

300 

10 

— 

5.0 

200 

— 

MPS4250 

EBC 

40 

250 

— 

10 

— 

2.0 

250 

BC413 

BC415 

CBE 

30 

180 

800 

2.0 

8.0 

2.5 

250 

BC549 

BC559 

CBE 

30 

180 

800 

2.0 

8.0 

2.5 

250 

BC549B 

BC559B 

CBE 

30 

180 

800 

2.0 

8.0 

2.5 

250 

BC459C 

BC459C 

CBE 

30 

380 

800 

2.0 

8.0 

2.5 

250 

BC650 

— 

EBC 

30 

380 

1400 

2.0 

— 

— 

300 

2N4123 

2N4125 

EBC 

30 

50 

150 

2.0 

— 

6.0 

300 

2N5088 

— 

EBC 

30 

350 

— 

2.0 

— 

3.0 

150 

2N4124 

2N4126 

EBC 

25 

120 

360 

2.0 

— 

5.0 

350 

2N5089 

— 

EBC 

25 

450 

— 

2.0 

— 

2.0 

150 

— 

MPS6523 

EBC 

25 

300 

— 

2.0 

— 

3.0 

340* 


Vy Total Input Noise Voltage (see BC413/BC414 and BC415/BC416 Data Sheets) at Rs = 2.0 Wl, Iq = 200 /xA, Vqe = 5.0 Volts 
2 Np Noise Figure at Rs = 2,0 k, Iq = 200 /xA, Vqe = 50 Volts, f = 30 Hz to 15 kHz 
* “S” version. 

** Rs = 10 kll, BW - 1.0 Hz, f = 100 MHz 
*** Rs = 500 11, BW = 1 0 Hz, f = 10 MHz 
t Mm 


Table 3. Darlington Transistors 

Darlington amplifiers are cascade transistors used in applications requiring very high gain and input impedance. These devices 
have monolithic construction. 







hpE 



VCE(sat) 






Pin 

V(BR)CEO 

•c 


•c 

Volts 

'C 

Ib 

^T 


NPN 

PNP 

Out 

Volts 

Max 

Min Max 

mA 

Max 

mA 

mA 

Min 

•c 


TO-226AA (TO-92) 


MPSA29 

— 

EBC 

100 

500 

10K 

— 

100 

1.4 

100 

0.1 

125 

10 

BC372 

— 

EBC 

100 

1000 

25K 

160K 

100 

1 0 

250 

0.25 

100 

100 

MPSA28 

— 

EBC 

80 

500 

10K 

— 

100 

1.4 

100 

0.1 

125 

10 

BC373 

— 

EBC 

80 

1000 

25K 

160K 

100 

1 0 

250 

0.25 

100 

100 

MPSA27 

MPSA77 

EBC 

60 

500 

10K 

— 

100 

1.5 

100 

0.1 

125 

10 

BC618 

— 

CBE 

55 

1000 

10K 

50K 

200 

1 1 

200 

0.2 

150 

500 

MPSA26 

— 

EBC 

50 

500 

10K 

— 

100 

1.5 

100 

0.1 

125 

10 

MPSA25 

MPSA75 

EBC 

40 

500 

10K 

— 

100 

1.5 

100 

0,1 

125 

10 

BC617 

— 

CBE 

40 

1000 

20K 

70K 

200 

1.1 

200 

0.2 

150 

500 

2N6427 

— 

EBC 

40 

500 

20K 

200K 

100 

1.5 

500 

0.5 

125 

10 

2N6426 

— 

EBC 

40 

500 

30K 

300K 

100 

1.5 

500 

0.5 

125 

10 

MPSA14 

MPSA64 

EBC 

30 

500 

20K 

— 

100 

1.5 

100 

0.1 

125 

10 

MPSA13 

MPSA63 

EBC 

30 

500 

10K 

— 

100 

1.5 

100 

0.1 

125 

10 

BC517 

__ 

CBE 

30 

400 

30K 

— 

20 

1.0 

100 

0.1 

125 

10 

MPSA12 

MPSA62 

EBC 

20 

500 

20K 

— 

10 

1.0 

10 

0.01 

125 

10 


TO-226AE (1 WATT TO-92) 


MPSW45 

_ 

EBC 

40 

1000 

25K 

_ 

200 

1.5 

1000 

2.0 

100 

200 

MPSW14 

MPSW64 

EBC 

30 

1000 

20K 

— 

100 

1.5 

100 

0.1 

125 

10 

MPSW13 

MPSW63 

EBC 

30 

1000 

10K 

— 

100 

1.5 ; 

100 

0.1 

^25 

10 
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SMALL-SIGNAL BIPOLAR DEVICES -- PLASTIC-ENCAPSULATED (continued) 
Table 4. High-Current Transistors 


TO-226AA (TO-92) — Pp = 625 mW 


NPN 

PNP 

Pin 

Out 

V(BR)CEO 

Volts 

Pd mW 
25°C 
Amb 

•C ("lA) 
Cont 

hr 

Min 

Max 

^ Ic 

mA 

VCE 

(Voits) 

fj Typical 
(MHz) 

BC337 

BC327 

CBE 

45 

625 

800 

100 

600 

100 

1.0 

210 

BC338 

BC328 

CBE 

25 

625 

800 

100 

600 

100 

1.0 

210 

BC445 

BC446 

CBE 

60 

625 

300 

70 

— 

10 

5.0 

250/200"' 

BC447 

BC448 

CBE 

80 

625 

300 

70 

— 

10 

5.0 

250/200"' 

BC449 

BC450 

CBE 

100 

625 

300 

70 

— 

10 

5.0 

250/200"' 

BC485 

BC486 

CBE 

45 

625 

1000 

60 

400 

100 

2.0 

200/150"' 

BC487 

BC488 

CBE 

60 

625 

1000 

60 

400 

100 

2.0 

200/150"' 

BC489 

BC490 

CBE 

80 

625 

1000 

60 

400 

100 

2.0 

200/150"' 

MPSA05 

MPSA55 

EBC 

60 

625 

500 

50 

— 

100 

1.0 

150/175"' 

MPSA06 

MPSA56 

EBC 

80 

625 

500 

50 

— 

100 

1.0 

150/175"' 

MPS8099 

MPS8599 

EBC 

80 

625 

500 

75 

— 

100 

5.0 

200"' 

2N4409 

— 

EBC 

50 

625 

250 

60 

400 

10 

1.0 

200 

2N4410 

— 

EBC 

80 

625 

250 

60 

400 

10 

1.0 

200 

MPS650 

MPS750 

EBC 

40 

625 

2000 

75 

— 

1000 

2.0 

100 

MPS651 

MPS751 

EBC 

60 

625 

2000 

75 

— 

1000 

2.0 

100 

MPS8098 

MPS8508 

EBC 

60 

625 

500 

75 

— 

100 

5.0 

150 


"•Relevant to PNR 


TO-226AA (TO-92) — Pp = 800 mW 




Pin 

V(BR)CEO 

Volts 

Ic 

Amp 

hpE @ 'C 

VCE(sat) 

Volts @ Ic @ Ib 

o 

N 

NPN 

PNP 

Out 

Min 

Cont 

Min 

mA 

Max 

mA 

mA 

Min 

mA 

BF420 

BF421 

ECB 

300 

0.1 

40 

25 

2.0 

20 

2.0 

60 

10 

BF422 

BF423 

ECB 

250 

0.1 

50 

25 

2.0 

20 

2.0 

60 

10 

BC639 

BC640 

ECB 

80 

1.0 

40 

150 

0.5 

500 

50 

60 

10 

BC637 

BC639 

ECB 

60 

1.0 

40 

150 

0.5 

500 

50 

60 

10 

BC635 

BC636 

ECB 

45 

1.0 

40 

150 

0.5 

500 

50 

60 

10 

BC368 

BC369 

ECB 

20 

1.0 

60 

1000 

0.5 

1000 

100 

65 

10 


TO-226AE (TO-92) — Pp = 1 W 




Pin 

V(BR)CEO 

Volts 

MHz 

fj @ Ic 

Ic 

Max 

hpE @ Ic 

VCE(sat) 
Volts @ 

Ic @ Ib 

NPN 

PNP 

Out 

Min 

Min 

mA 

A 

Min 

Max 

mA 

Max 

mA 

mA 

BDB01D 

BDB02D 

EBC 

100 

50 

200 

1.5 

40 

400 

100 

0.7 

1000 

100 

BDC01D 

BDC02D 

ECB 

100 

50 

200 

1.5 

40 

400 

100 

0.7 

1000 

100 

BDB01C 

BDB02C 

EBC 

80 

50 

200 

1.5 

40 

400 

100 

0.7 

1000 

100 

BDC01C 

BDC02C 

ECB 

80 

50 

200 

1.5 

40 

400 

100 

0.7 

1000 

100 

MPS6717 

MPS6729 

EBC 

80 

50 

200 

0.5 

80 

— 

50 

0.5 

250 

10 

M PS WOO 

MPSW56 

EBC 

80 

50 

200 

0.5 

50 

— 

50 

0.4 

250 

10 

BDB01B 

BDB02B 

EBC 

60 

50 

200 

1.5 

40 

400 

100 

0.7 

1000 

100 

BDC01B 

BDC02B 

ECB 

60 

50 

200 

1.5 

40 

400 

100 

0.7 

1000 

100 

MPSW05 

MPS6728 

EBC 

60 

50 

200 

0.5 

80 

— 

50 

0.4 

250 

10 

MPS6716 

MPSW55 

EBC 

60 

50 

200 

0.5 

80 

— 

50 

0.5 

250 

10 

BDB01A 

BDB02A 

EBC 

45 

50 

200 

1.5 

40 

400 

100 

0.7 

1000 

100 

BDC01A 

BDC02A 

ECB 

45 

50 

200 

1.5 

40 

400 

100 

0.7 

1000 

100 

MPS6715 

MPS6727 

EBC 

40 

50 

50 

1.0 

50 

— 

1000 

0.5 

1000 

100 

MPSW01A 

MPSW51A 

EBC 

40 

50 

50 

1.0 

50 

— 

1000 

0.5 

1000 

100 

MPS6714 

MPS6726 

EBC 

30 

50 

50 

1.0 

50 

— 

1000 

0.5 

1000 

100 

MPSW01 

MPSW51 

EBC 

30 

50 

50 

1.0 

50 

— 

1000 

0.5 

1000 

100 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


1-4 






Table 5. High-Voltage Amplifier Transistors 

These high-voltage transistors are designed for driving neon bulbs and Nixie " indicator tubes, for direct line operation, and for 
other applications requiring high-voltage capability at relatively low collector current. These devices are listed in order of 
decreasing breakdown voltage (V(bR)CEO)- 


NPN Transistors 


Device 

Pin 

V(BR)CEO 

Volts 

ic 

Amp 

hpE @ 

•c 

vf 

Volts @ 

Ic & 

iB 

MHz @ 

•c 

Type 

Out 

Min 

Max 

Min I 

mA 

Max I 

mA I 

mA 

Min I 

mA 


TO-226AA (TO-92) 


BF844 

EBC 

400 

0.5 

40 

30 

0.5 

10 

1.0 

50 

10 

MPSA44 

EBC 

400 

0.3 

40 

100 

0.75 

50 

5.0 

20 

10 

BF845 

EBC 

350 

0.5 

40 

30 

0.5 

10 

1.0 

50 

10 

MPSA45 

EBC 

350 

0.3 

50 

100 

0.75 

50 

5.0 

20 

10 

2N6516 

EBC 

350 

0.5 

30 

30 

0.2 

10 

1.0 

40 

10 

BF393 

EBC 

300 

0.5 

40 

10 

0.2 

20 

2.0 

50 

10 

MPSA42 

EBC 

300 

0.5 

40 

30 

0.5 

20 

2.0 

50 

10 

2N6517 

EBC 

300 

0.5 

45 

30 

0.3 

10 

1.0 

40 

10 

BF392 

EBC 

250 

0.5 

40 

10 

0.2 

20 

2.0 

50 

10 

2N6515 

EBC 

250 

0.5 

50 

30 

0.3 

10 

1.0 

40 

10 

BF391 

EBC 

200 

0.5 

40 

10 

0.2 

20 

2.0 

50 

10 

MPSA43 

EBC 

200 

0.5 

40 

10 

0.4 

20 

2.0 

50 

10 

2N5551 

EBC 

160 

0.6 

80 

10 

0.15 

10 

1.0 

100 

10 

2N5550 

EBC 

140 

0.6 

60 

10 

0.15 

10 

1.0 

100 

10 

MPSL01 

EBC 

100 

0.15 

20 

30 

0.2 

10 

1.0 

40 

10 


TO-226AE (1 WATT TO-92) 


BDC05 

ECB 

300 

0.5 

40 

25 

2.0 

20 

2.0 

60 

10 

MPS6735 

EBC 

300 

0.3 

40 

10 

2.0 

20 

2.0 

50 

10 

MPSW10 

EBC 

300 

0.3 

40 

30 

0.75 

30 

3.0 

45 

10 

MPSW42 

EBC 

300 

0.3 

40 

30 

0.5 

20 

2.0 

50 

10 

BDC07 

ECB 

250 

0.5 

200 

50 

2.0 

20 

2.0 

60 

10 

MPS6734 

EBC 

250 

0.3 

40 

10 

2.0 

20 

2.0 

50 

10 

MPSW43 

EBC 

200 

0.3 

50 

30 

0.4 

20 

2.0 

50 

10 

MPS6733 

EBC 

200 

0.3 

40 

10 

2.0 

20 

2.0 

50 

10 


PNP Transistors 
TO-226AA (TO-92) 


BF493S 

EBC 

350 

0.5 

40 

10 

20 

20 

2.0 

50 

10 

2N6520 

EBC 

350 

0.5 

30 

30 

3.0 

10 

1.0 

40 

10 

BF493 

EBC 

350 

0.5 

40 

10 

0.2 

20 

2.0 

50 

10 

MPSA92 

EBC 

300 

0.5 

40 

10 

0.5 

20 

2.0 

50 

10 

2N6519 

EBC 

300 

0.5 

45 

30 

0.3 

10 

1.0 

40 

10 

BF492 

EBC 

250 

0.5 

40 

10 

0.2 

20 

2.0 

50 

10 

BF491 

EBC 

200 

0.5 

40 

10 

0.2 

20 

2.0 

50 

10 

MPSA93 

EBC 

200 

0.5 

40 

10 

0.4 

20 

2.0 

50 

10 

2N5401 

EBC 

150 

0.6 

60 

10 

0.2 

10 

1.0 

100 

10 

2N5400 

EBC 

120 

0.6 

40 

10 

0.2 

10 

1.0 

100 

10 

MPSL51 

EBC 

100 

0.5 

12 

50 

0.25 

10 

1.0 

50 

10 


TO-226AE (1 WATT TO-92) 


BDC06 

ECB 

300 

0.5 

40 

25 

2.0 

20 

2.0 

60 

10 

MPSW92 

EBC 

300 

0.3 

25 

30 

0.5 

20 

2.0 

50 

10 

BDC08 

ECB 

250 

0.5 

40 

25 

2.0 

20 

2.0 

60 

10 

MPSW93 

EBC 

200 

0.3 

25 

30 

0.5 

20 

2.0 

50 

10 
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SMALL-SIGNAL BIPOLAR DEVICES — PLASTIC-ENCAPSULATED (continued) 


Table 6. RF Transistors 

The RF transistors are designed for Small Signal amplification from RF to VHF/UHF frequencies. They are also used as mixers 
and oscillators in the same frequency ranges. Several types are AGC characterized. 


Device 

Pin 

V(BR)CEO 

Volts 

>C 

Max 

hpE 

*C 

VcE 

fT 

Typ 

CRE/CRB 

pF 

NF 

Typ 

f 

Type 

Out 

Min 

mA 

Min 

mA 

V 

MHz 

Max 

dB 

MHz 


NPN — TO-226AA (TO-92) 


BF373 

BEG 

45 

100 

38 

7.0 

10 

720 

0.32 

_ 

_ 

BF241 

CEB 

40 

25 

35 

1.0 

10 

470 

0.34 

2.5 

100 

BF240 

CEB 

40 

25 

65 

1.0 

10 

600 

0.34 

2.5 

100 

BF224 

CEB 

30 

50 

30 

7.0 

10 

600 

0.28 

2.5 

100 

MPSH32 

BEC 

30 

30 

27 

4.0 

5.0 

300* 

— 

3.3* 

45 

MPSH24 

BEC 

30 

100 

30 

8.0 

10 

400* 

0.36 

— 

— 

MPSH20 

BEC 

30 

100 

25 

4.0 

10 

400* 

— 

— 

— 

MPSH07 

EBC 

30 

25 

20 

3.0 

10 

400* 

0.3 

— 

— 

MPS3866 

EBC 

30 

400 

10 

50 

5.0 

500* 

— 

— 

— 

BF371 

BEC 

30 

100 

38 

7.0 

10 

720 

0.23 

— 

— 

MPSH11 

BEC 

25 

25 

60 

4.0 

10 

660* 

— 

— 

— 

MPSH10 

BEC 

25 

100 

60 

4.0 

10 

1500 

0.7 

— 

— 

BF375 

BEC 

25 

100 

35 

1.0 

10 

800 

0.6 

4.0 

100 

BF374 

BEC 

25 

100 

70 

1.0 

10 

800 

0.6 

4.0 ' 

100 

BF199 

CEB 

25 

100 

40 

7.0 

10 

750 

0.35 

2.5 

35 

MPSH30 

BEC 

20 

50 

20 

4.0 

5.0 

300* 

— 

6.0* 

100 

BF959 

CEB 

20 

100 

40 

20 

10 

800 

0.65 

3.0 

200 

BF254 

CEB 

20 

100 

65 

1.0 

10 

260 

0.9 

1.7 

1.0 

MPSH17 

BEC 

15 

100 

25 

5.0 

10 

1600 

0.9 

6.0* 

200 

MPS918 

EBC 

15 

50 

20 

8.0 

10 

800 

1.7 

6.0* 

60 

MPS5179 

EBC 

12 

50 

25 

3.0 

1.0 

2000 

— 

4.5* 

200 

MPS3563 

EBC 

12 

50 

20 

8.0 

10 

800 

1.7 

6.0* 

60 

MPSH04 

EBC 

10 

30 

30 

1.5 

10 

80* 

— 

2.0* 

1.0 


PNP — TO-226AA (TO-92) 


MPSH55 

BEC 

80 

100 

30 

1.5 

10 

80 

— 

— 

_ 

BF506 

CBE 

35 

50 

20 

3.0 

10 

600 

0.25 

4.0 

200 

2N5208 

BEC 

25 

50 

20 

2.0 

10 

300* 

— 

3.0* 

100 

MPSH81 

BEC 

20 

50 

60 

5.0 

10 

700 

0.85 

— 

— 


*Max 


Table 7. High-Speed Saturated Switching Transistors 

The transistors listed in this table are specially optimized for high-speed saturated switches. They are heavily gold doped and 
processed to provide very short switching times and low output capacitance (below 6 pF). The transistors are listed in order 
of decreasing turn-on time (ton)- 


Device 

*on 

ns 

toff 

& ns @ 

•c 

V(BR)CEO 

Volts 

hpE @ 

«C 

VcE(sat) 
Volts @ 

'c 

& ib 

fj 

MHz @ 

'c 

Type 

Max 

1 Max 1 

mA 

Min 

Min 1 

mA 

Max 1 

mA 

1 mA 

Min 1 

mA 


NPN — TO-226AA (TO-92) 


2N3904 

70 

250 

10 

40 

100 

10 

0.2 

10 

1.0 

300 

10 

2N3903 

70 

225 

10 

40 

50 

10 

0.2 

10 

1.0 

250 

10 

2N4401 

35 

225 

10 

40 

40 

10 

0.4 

10 

1.0 

250 

20 

2N4400 

35 

255 

150 

40 

50 

150 

0.4 

150 

15 

200 

20 

2N4264 

25 

35 

10 

15 

40 

10 

0.22 

10 

1.0 

300 

10 

2N4265 

25 

35 

10 

12 

100 

10 

0.22 

10 

1.0 

300 

10 

MPS3646 

18 

28 

300 

15 

30 

30 

0.2 

30 

3.0 

350 

30 

MPS2369 

.. 1".. 

18 

10 

15 

40 

10 

0.25 

10 

1.0 

500 

10 


PNP — TO-226AA (TO-92) 


2N3638 

75 

170 

300 

25 

20 

300 

0.25 

50 

2.5 

o 

o 

50 

2N3638A 

75 

170 

300 

25 

20 

300 

0.25 

50 

2.5 

150 

50 

2N3906 

70 

250 

10 

40 

100 

10 

0.25 

10 

1.0 

250 

10 

2N3905 

70 

225 

10 

40 

100 

10 

0.25 

10 

1.0 

200 

10 

2N4402 

35 

255 

150 

40 

50 

150 

0.4 

150 

15 

150 

20 

2N4403 

35 

225 

150 

40 

100 

150 

0.4 

150 


200 

20 

MPS3640 

25 

35 

50 

12 

30 

10 

0.2 

10 

1.0 

500 

10 

MPS4258 

15 

20 

10 

12 

30 

50 

0.15 

10 

1.0 

700 

10 

2N5771 

15 

20 

10 

15 

50 

10 

0.18 

10 

1.0 

850 

10 


''V(BR)EB0 

*Typ 
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Table 8. Choppers 

Devices are listed in decreasing (V(br)ebo) 


Device 

Pin 

V(BR)EBO 

Volts 

•c 

Amp* 

hpE I 

•c 

VcE(sat) Co) 
Volts I 

& 

'c I 

■b 

fT @ 
MHz 

•c 

Type 

Out 

Min 

Max 

Min I 

mA 

Max I 

mA I 

mA 

Min I 

mA 


MPSA17 

EBC 

15 

100 

200 

5.0 

0.25 

10 

1.0 

100 

5.0 

MPSA16 

EBC 

12 

100 

200 

5.0 

0.25 * 

10 

1.0 

80 

5.0 


Table 9. Industrial Transistors 

These devices are special products ranges intended for use in applications which require well specified high performing devices 
like high quality amplifier differential input, driver stage. 




Pin 

V(BR)CEO 

Ic (mA) 

hpE @ Ic & VcE 

fjTyp 

Typ 

ton ns 

toff ns 

NPN 

PNP 

Out 

(Volts) 

Cont 

Min Max { (mA) | (Volts) 

(MHz) 

(dB) 

Typ 

Typ 


TO-226AA (TO-92) 



MPS2907A 

EBC 

60 

600 

100 

— 

10 

10 

200* 

— 

45 

100 

BCX59 

BCX79 

CBE 

45 

200 

120 

630 

2.0 

5.0 

250 

2.0 

75 

600/350 

IVIPS2222A 


EBC 

40 

600 

75 

— 

10 

10 

300* 

— 

30 

270 

BCX58 

BCX78 

CBE 

32 

200 

120 

630 

2.0 

5.0 

250 

2.0 

75 

600/350 


‘fj Min 


Table 10. Telecom Transistors 


These devices are special product ranges intended for use in Telecom application which require an excellent long term reliability. 



(1) “S” version, hpE Min 60 (?( Ic = 20 mA, Vqe = 10 V. 

(2) “S” version, hpE Min 40 (?( Iq = 0.1 mA, Vqe = 1.0 V. 
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Small-Signal 

Metal Packaged Transistors 



Table 11. General-Purpose Transistors 

These transistors are designed for do to VHF amplifier applications, general-purpose switching applications, and complementary 
circuitry. Devices are listed in decreasing order of V^bR)CEO within each package group. 


Device 

V(BR)CEO 

Volts 

fj 

MHz 

@ 

ic 

Ic 

mA 

hPE 

@ 

Ic 

Type 

Min 

Min 

I 

mA 

Max 

Min I Max 


mA 


NPN -- TO-206AA (TO-18) 


2N2896 

90 

120 

50 

1000 

60 

200 

150 

2N720A 

80 

50 

50 

150 

40 

120 

150 

2N3700# 

80 

80 

1.0 

1000 

50 

— 

500 

2N2895 

65 

120 

50 

1000 

40 

120 

150 

2N910 

60 

60 

50 

1000 

75 

— 

10 

2N956 

50 

70 

50 

— 

40 

120 

150 

2N2897 

45 

100 

50 

1000 

50 

200 

150 

2N915 

50 

250 

10 

30 

50 

200 

10 

BC107 

45 

150 

10 

200 

110 

450 

2.0 

BC107A 

45 

150 

10 

200 

110 

220 

2.0 

BC107B 

45 

150 

10 

200 

200 

450 

2.0 

BC107C 

45 

150 

10 

200 

420 

800 

2.0 

BCY59 

45 

125 

10 

200 

120 

630 

2.0 

BCY59-1X 

45 

125 

10 

200 

250 

460 

2.0 

BCY59-VII 

45 

125 

10 

200 

120 

220 

2.0 

BCY59-VIII 

45 

125 

10 

200 

180 

310 

2.0 

BCY59-X 

45 

125 

10 

200 

380 

630 

2.0 

2N2218# 

40 

250 

20 

800 

40 

120 

150 

2N2221A# 

40 

250 

20 

800 

40 

120 

150 

2N2222A# 

40 

300 

20 

800 

100 

300 

150 

2N3946 

40 

300 

10 

200 

50 

150 

10 

2N3947 

40 

300 

10 

300 

100 

300 

10 

2N718 

40 

50 

50 

— 

40 

120 

150 

BCY58 

32 

125 

10 

200 

120 

630 

2.0 

BCY58-IX 

32 

125 

10 

200 

250 

460 

2.0 

BCY58-VII 

32 

125 

10 

200 

120 

220 

2.0 

BCY58-VI11 

32 

125 

10 

200 

180 

310 

2.0 

BCY58-X 

32 

125 

10 

200 

380 

630 

2.0 

2N2221 

30 

250 

20 

800 

40 

. 120 

150 

2N2222# 

30 

250 

20 

800 

100 

300 

150 

2N3302 

30 

250 

50 

500 

100 

300 

150 

2N916* 

25 

300 

10 

— 

50 

200 

10 

BC108 

25 

150 

10 

100 

110 

800 

2.0 

BC108A 

25 

150 

10 

100 

110 

220 

2.0 

BC108B 

25 

150 

10 

100 

200 

450 

2.0 

BC108C 

25 

150 

10 

100 

420 

800 

2.0 

BC109 

25 

150 

10 

100 

200 

800 

2.0 

BC109A 

25 

150 

10 

100 

110 

220 

2.0 

BC109B 

25 

150 

10 

100 

200 

450 

2.0 

BC109C 

25 

150 

10 

100 

420 

800 

2.0 

2N706 

15 

200 

10 

50 

20 

— 

10 

2N706A 

15 

200 

10 

50 

20 

60 

— 

2N706B 

15 

200 

10 

50 

20 

60 

— 


#JAN/JANTX/JANTXV available 
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Table 11. General-Purpose Transistors (continued) 


Device 

V(BR)CEO 

Volts 

MHz 

(«'■ 

ic 

•c 

mA 

hpE 

Ca 

•c 

Type 

Min 

Min 

_1_ 

mA 

Max 

Min I Max 

I 

mA 


NPN — TO-205AD (TO-39) 


2N1711 

80 

70 

50 

_ 

100 

300 

150 

2N694 

80 

50 

50 

150 

40 

120 

150 

2N3019# 

80 

100 

50 

1000 

100 

300 

150 

2N3020 

80 

80 

50 

1000 

40 

120 

150 

BSX47-10 

80 

50 

20 

1000 

63 

160 

100 

BSX47-16 

80 

50 

20 

1000 

100 

250 

100 

BSX47-6 

80 

50 

20 

1000 

40 

100 

100 

2N1893 

80 

50 

50 

500 

40 

120 

150 

2N2102 

65 

60 

50 

1000 

40 

120 

150 

BC141 

60 

50 

50 

1000 

40 

400 

100 

BC141-10 

60 

50 

50 

1000 

63 

160 

100 

BC141-16 

60 

50 

50 

1000 

100 

250 

100 

2N697 

60 

— 

— 

150 

40 

120 

150 

BSX46-10 

60 

50 

20 

1000 

63 

160 

100 

BSX46-16 

60 

50 

20 

1000 

100 

250 

100 

BSX46-6 

60 

50 

20 

1000 

40 

100 

100 

2N3053A 

60 

100 

50 

700 

50 

250 

150 

2N3073 

60 

130 

50 

500 

30 

130 

50 

2N1613# 

50 

60 

50 

500 

40 

120 

150 

2N2270 

45 

100 

50 

1000 

50 

200 

150 

2N2219A# 

40 

300 

20 

800 

100 

300 

150 

2N3053 

40 

100 

50 

700 

50 

250 

150 

2N697 

40 

— 

— 

200 

40 

120 

150 

BC140 

40 

50 

50 

1000 

40 

400 

100 

BC140-10 

40 

50 

50 

1000 

63 

160 

100 

BC140-16 

40 

50 

50 

1000 

100 

250 

100 

BSX45-10 

40 

50 

20 

1000 

63 

160 

100 

BSX45-16 

40 

50 

20 

1000 

100 

250 

100 

BSX45-6 

40 

50 

20 

1000 

40 

100 

100 

BFY50 

35 

60 

50 

1000 

30 

— 

150 

2N2218# 

30 

250 

20 

800 i 

40 

120 

150 

2N2219# 

30 

250 

20 

800 

100 

300 

150 

2N3300 

30 

250 

50 

500 

100 

300 

150 

BFY51 

30 

50 

50 

1000 

40 

— 

150 

BFY52 

20 

50 

50 

1000 

50 

— 

150 


NPN — TO-205AD (TO-46) 


2N558r* 

40 

250 

20 

800 

40 

120 

150 

2N5582** 

40 

300 

20 ! 

800 

100 

300 

150 


NPN — TO-205AD (TO-52) 


MM3903 

40 

250 

10 

200 

50 

150 

10 

MM3904 

40 

300 

10 

200 

100 

300 

10 


PNP — TO-206AA (TO-18) 


2N4026 

80 

100 

50 

1000 

15 

_ 

100 

2N4027 

80 

100 

50 

1000 

10 

— 

100 

2N4028 

80 

150 

50 

1000 

40 

— 

100 

2N4029 

80 

150 

50 

1000 

25 

— 

100 

2N2906A# 

60 

200 

50 

600 

40 

120 

150 

2N2907A 

60 

200 

50 

600 

100 

300 

150 

2N3250A# 

60 

250 

10 

200 

50 

150 

10 

2N3251A# 

60 

300 

10 

200 

100 

300 

10 

2N718A 

50 

60 

50 

500 

40 

300 

150 

BC177 

45 

200 

10 

200 

120 

460 

2.0 

BC177A 

45 

200 

10 

200 

120 

220 

2.0 

BC177B 

45 

200 

10 

200 

180 

460 

2.0 

BC177C 

45 

200 

10 

200 

380 

800 

2.0 

BCY79 

45 

10 

200 

200 

100 

600 

10 

BCY79-1X 

45 

180 

10 

200 

250 

460 

2.0 

BCY79-VII 

45 

180 

10 

200 

120 

220 

2.0 

BCY79-VIII 

45 

180 

10 

200 

180 

310 

2.0 

BCY79-X 

45 

180 

10 

200 

380 

630 

2.0 

2N2906# 

40 

200 

50 

600 

40 

120 

150 

2N2907# 

40 

200 

50 

600 

100 

300 

150 

2N3250 

40 

250 

10 

200 

50 

150 

10 

2N3251 

40 

300 

10 

200 

100 

300 

10 

BCY70 

40 

250 

10 

200 

50 

— 

10 


“JAN/JANTX available #JAN/JANTX/JANTXV available 
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SMALL-SIGNAL BIPOLAR TRANSISTORS — METAL (continued) 


Table 11. General-Purpose Transistors (continued) 


Device 

V{BR)CEO 

Volts 

MHz 

@ 

ic 

«C 

mA 

hPE 

@ 

ic 

Type 

Min 

Min 

_J_ 

mA 

Max 

Min I Max 


mA 


PNP ~ TO-206AA (TO-18) (continued) 


2N3135 

35 

200 

50 

500 

40 

125 

50 

BCY78-IX 

32 

180 

10 

200 

250 

460 

2.0 

BCY78-VII 

32 

180 

10 

200 

120 

220 

2.0 

BCY78-VIII 

32 

180 

10 

200 

180 

310 

2.0 

BCY78-X 

32 

180 

10 

200 

380 

630 

2.0 

BC178 

25 

200 

10 

200 

120 

800 

2.0 

BC178A 

25 

200 

10 

200 

120 

220 

2.0 

BC178B 

25 

200 

10 

200 

180 

460 

2.0 

BC178C 

25 

200 

10 

200 

380 

800 

2.0 

BCY72 

25 

250 

10 

200 

50 

— 

10 

BC179 

20 

200 

10 

200 

180 

800 

2.0 

BC179A 

20 

200 

10 

200 1 

120 

220 

2.0 

BC179B 

20 

200 

10 

200 1 

180 

460 

2.0 

BC179C 

20 

200 

10 

200 

380 

800 

2.0 

2N3249 

12 

300 

20 

200 

35 

— 

100 


PNP — TO-205AD (TO-39) 


MM5007 

100 

30 

50 

2000 

50 

250 

250 

2N4031 

80 

100 

50 

1000 

10 

— 

100 

2N4033# 

80 

150 

50 

1000 

25 

__ 

100 

BSV17-10 

80 

50 

50 

1000 

63 

160 

100 

BSV17-16 

80 

50 

50 

1000 

40 

100 

100 

MM5006 

80 

30 

50 

2000 

50 

250 

200 

BFX40 

75 

100 

50 

1000 

85 


100 

BFX41 

75 

100 

50 

1000 

40 

_ 

100 

2N4036 

65 

60 

50 

1000 

40 

140 

150 

2N4037 

65 

60 

50 

1000 

40 

— 

150 

2N2904A# 

60 

200 

50 

600 

40 

120 

150 

2N2905A 

60 

200 

50 

600 

100 

300 

150 

2N3073 

60 

130 

50 

500 

30 

130 

50 

2N4030 

60 

100 

50 

1000 

15 

— 

100 

2N4032 

60 

150 

50 

1000 

40 

— 

100 

BC161 

60 

50 

50 

1000 

40 

400 

100 

BC161-10 

60 

50 

50 

1000 

63 

160 

100 

BC161-16 

60 

50 

50 

1000 

100 

250 

100 

BC161-6 

60 

50 

50 

1000 ' 

40 

100 

100 

BSV16-10 

60 

50 

50 

1000 

63 

160 

100 

BSV16-16 

60 

50 

50 

1000 

100 

250 

100 

BSV16-6 

60 

50 

50 

1000 i 

40 

100 

100 

MM5005 

60 

30 

50 

2000 

50 

250 

150 

2N4890 

40 

100 

50 

1000 

50 

250 

150 

2N1132A 

40 

60 

50 

600 

30 

90 

150 

2N2904# 

40 

200 

50 

600 

40 

120 

150 

2N2905# 

40 

200 

50 

600 

100 

300 

150 

BC160 

40 

50 

50 

1000 

40 

400 

100 

BC1 60-10 

40 

50 

50 

1000 

63 

160 

100 

BC160-16 

40 

50 

50 

1000 

100 

250 

100 

BC160-6 

40 

50 

50 

1000 

40 

100 

100 

BSV15-10 

40 

50 

50 

1000 

63 

160 

100 

BSV15-16 

40 

50 

50 

1000 

100 

250 

100 

BSV15-6 

40 

50 

50 

1000 

40 

100 

100 

MM4037 

40 

60 

50 

1000 

50 

250 

150 

2N1132 

35 

60 

50 

600 

30 

90 

150 


PNP — TO-205AD (TO-46) 


2N3485A** 

60 

200 

50 

600 

40 

120 

150 

2N3486A** 

60 

200 

50 

600 

100 

300 

150 

2N3485 

40 

200 

50 

600 

40 

120 

150 

2N3486 

40 

200 

50 

600 

100 

300 

150 


PNP — TO-205AD (TO-52) 


MM3906 

40 

250 

10 

200 

100 

300 

10 

MM3905 

40 

200 

10 

200 1 

50 

150 

10 


*JAN available “JAN/JANTX available #JAN/JANTX/JANTXV available 
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Table 12. High-Gain/Low-Noise Transistors 

These transistors are characterized for high-gain and low-noise applications. Devices are listed in decreasing order of NR 


Device 

NF 

Wideband 
Typ* Max 

V(BR)CEO 

Volts 

ic 

mA 

Ic 

hpE ^ mA 

MHz C« 

Ic 

Type 

dB 

Min 

Max 

Min I Max | mA* 

Min I 

mA 


NPN — TO-206AA (TO~18) 


2N2484# 

8.0* 

60 

50 

100 

500 

10 

15 

0.05 

2N930A 

3.0 

45 

30 

100 

300 

10 

45 

0.5 

2N930** 

3.0 

45 

30 

100 

300 

10 

30 

0.5 


PNP — TO-206AA (TO-18) 


2N3962 

10 

60 

200 

100 

450 

1.0* 

40 

0.5 

2N3963 

10 

80 

200 

100 

450 

1.0* 

40 

0.5 

2N3965 

8.0 

60 

200 

250 

600 

1.0* 

50 

0.5 

2N3964 

4.0 

45 

200 

250 

600 

1.0* 

50 

0.5 

2N3798 

3.5 

60 

50 

150 

450 

500 

30 

0.5 

2N3799 

2.5 

60 

50 

300 

900 

500 

30 

0.5 


PNP — TO-206AB (TO-46) 








I 2N2605# I 4.0 | 

45 

I 30 

I 100 

I 300 I 

10 

30 

1 0.5 1 


Table 13. High-Voltage/High-Current Transistors 

The following table lists Motorola standard devices that have high Collector-Emitter Breakdown Voltage. Devices are listed in 
decreasing order of V^brjqeq within each package type. 


Device 

V(BR)CE0 

Volts 

Ic 

mA 

hpE @ 

Ic 

VCE(sat) 
Volts @ 

Ic & 

Ib 

fT 

MHz (a 

Ic 

Type 

Min 

Max 

Min 1 

mA 

Max 1 

mA 1 

mA 

Min 1 

mA 


NPN — TO-206AA (TO-18) 


2N6431 

300 

50 

50 

30 

0.5 

20 

2.0 

50 

10 

BSS73 

300 

500 

40 

30 

0.5 

50 

5.0 

100 

20 

BSS72 

250 

500 

40 

30 

0.5 

50 

5.0 

100 

20 

2N6430 

200 

50 

50 

30 

0.5 

20 

2.0 

50 

10 

BSS71 

200 

500 

40 

30 

0.5 

50 

5.0 

100 

20 

BC394 

180 

500 

30 

10 

0.3 

10 

1.0 

50 

20 


NPN — TO-205AD (TO-39) 


2N3439# 

350 

1000 

40 

20 

0.5 

50 

4.0 

15 

10 

2N5058 

300 

150 

35 

30 

1.0 

30 

3.0 

30 

10 

BF259 

300 

100 

25 

30 

1.0 

30 

6.0 

110 

30 

2N3440# 

250 

1000 

40 

20 

0.5 

50 

4.0 

15 

10 

2N4927 

250 

50 

20 

30 

2.0 

30 

3.0 

30 

10 

2N5059 

250 

150 

30 

30 

1.0 

30 

3.0 

30 

10 

MM3003 

250 

50 

20 

10 

— 

_ 

— 

150 

10 

BF258 

250 

100 

25 

30 

1.0 

30 

6.0 

110 

30 

BSS78 

250 

500 

40 

30 

0.4 

30 

3.0 

70 

20 

2N4926 

200 

50 

20 

30 

2.0 

30 

3.0 

30 

10 

MM3002 

200 

50 

20 

10 

— 

— 

— 

150 

10 

MM3009 

180 

400 

40 

10 

— 

— 

— 

50 

20 

MM3001 

150 

200 

20 

10 

— 

— 

— 

150 

10 

2N3500# 

150 

300 

40 

150 

0.4 

150 

15 

150 

20 

2N3501# 

150 

300 

100 

150 

0.4 

150 

15 

150 

20 

3N3114 

150 

200 

30 

30 

1.0 

50 

5.0 

40 

30 

BSW68A 

150 

2000 

30 

500 

1.0 

500 

150 


— 

2N5682 

120 

1000 

40 

250 

0.6 

250 

25 

30 

100 

BSW67A 

120 

2000 

30 

500 

1.0 

500 

150 

— 

— 

2N3498# 

100 

500 

40 

150 

0.6 

300 

30 

150 

20 

2N3499# 

100 

500 

100 

150 

0.6 

300 

30 

150 

20 

2N5681 

100 

1000 

40 

250 

0.6 

250 

25 

30 

100 

2N657 

100 

— 

300 

200 

4.0 

200 

40 

— 

— 

MM3007 

100 

2500 

50 

250 

0.35 

150 

15 

50 

50 

2N4239 

80 

3000 

30 

250 

0.3 

500 

50 

2.0 

100 

MM3006 

80 

2500 

50 

200 

0.35 

150 

15 

50 

50 
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SMALL-SIGNAL BIPOLAR TRANSISTORS — METAL (continued) 


Table 13. High-Voltage/High-Current Transistors (continued) 


Device 

V(BR)CE0 

Volts 

•c 

mA 

hpE @ 

•c 

VcE(sat) 
Volts @ 

ic 

& iB 

fT 

MHz @ 

'c 

Type 

Min 

Max 

Min 1 

mA 

Max 1 

mA 

1 mA 

Min 1 

mA 


NPN ~ TO-205AP (TO-39) (continued) 


3N4238 

60 

3000 

30 

250 

0.3 

500 

50 

2.0 

100 

MM3005 

60 

2500 

50 

150 

0.35 

150 

15 

50 

50 

2N4237 

40 

3000 

30 

250 

0.3 

500 

50 

2.0 

100 


PNP — TO-206AA (TO-18) 


2N6433 

300 

500 

30 

30 

0.5 

20 

20 

50 

10 

BSS76 

300 

500 

35 

30 

0.5 

50 

5.0 

100 

20 

BSS75 

250 

500 

35 

30 

0.5 

50 

5.0 

100 

20 

2N6432 

200 

1000 

30 

30 

0.5 

20 

2.0 

50 

10 

BSS74 

200 

500 

35 

30 

0.5 

50 

5.0 

100 

20 

BC393 

180 

500 

50 

10 

0.3 

10 

1.0 

50 

20 

2N3497 

120 

100 

40 

10 

0.35 

10 

1.0 

150 

20 

2N3496 

80 

100 

12 

10 

0.3 

10 

1.0 

200 

20 


PNP — TO-205AD (TO-39) 


2N3494 

80 

100 

40 

10 

0.3 

10 

1.0 

200 

20 

2N3495 

120 

100 

40 

10 

0.35 

10 

1.0 

150 

20 

2N3635# 

140 

1000 

100 

50 

0.5 

50 

5.0 

200 

30 

2N3636# 

175 

1000 

50 

50 

0.5 

50 

5.0 

150 

30 

2N3637# 

175 

1000 

100 

50 

0.5 

50 

5.0 

200 

30 

2N3743# 

300 

50 

25 

30 

8.0 

30 

3.0 

30 

10 

2N4234 

40 

3000 

30 

250 

0.6 

1000 

125 

3.0 

100 

2N4235 

60 

3000 

30 

250 

0.6 

1000 

125 

3.0 

100 

2N4236 

80 

3000 

30 

250 

0.6 

1000 

125 

3.0 

100 

2N4928 

100 

100 

25 

10 

0.5 

10 

1.0 

100 

20 

2N4929 

150 

500 

25 

10 

0.5 

10 

1.0 

100 

20 

2N4930# 

200 

500 

20 

20 

5.0 

10 

1.0 

20 

20 

2N4931# 

250 

500 

20 

20 

5.0 

10 

1.0 

20 

20 

2N5415# 

200 

1000 

30 

50 

2.5 

50 

5.0 

15 

10 

2N5416# 

300 

1000 

30 

50 

2.5 

50 

5.0 

15 

10 

2N5679 

100 

1000 

40 

250 

0.6 

250 

25 

30 

100 

2N5680 

120 

1000 

40 

250 

0.6 

250 

25 

30 

100 

2N3634# 

140 

1000 

50 

50 

0.5 

50 

5.0 

150 

30 

MM4000 

100 

100 

20 

20 

0.6 

10 

1.0 

__ 

— 

MM4001 

150 

500 

20 

10 

0.6 

10 

1.0 

— 

— 

MM4002 

200 

500 

20 

10 

5.0 

10 

1.0 

— 

— 

MM4003 

250 

500 

20 

10 

5.0 

10 

1.0 

— 

— 

MM5005 

60 

2000 

50 

150 

0.5 

150 

15 

30 

50 

MM5006 

80 

2000 

50 

200 

0.5 

150 

15 

30 

50 

MM5007 

100 

2000 

50 

250 

0.5 

150 

15 

30 

50 


#JAN/JANTX/JANTXV available 


Table 14. High-Frequency Amplifiers/Oscillators 


The transistors shown are designed for use as both oscillators and amplifiers at UHF and VHF frequencies. Devices are listed 
in decreasing order of V(0 r)qeo with each line. 


Device 

V(BR)CEO 

Volts 

hpE @ 

Ic 

r 

Gpe 

dB 

NF 

dB @ f 

fT 

MHz @ 

Ic 

Cobo 

PF 

Type 

Min 

Min 1 

mA 

Min 

Max 1 MHz 

Min 1 

mA 

Max 


NPN ~ TO-206AF (TO-72) 

I 2N918t I 15 I 20 I 3.0 | 15 | 6.0 | 60 | 600 | 4.0 | 1.7 


PNP — TO-206AF (TO-72) 


2N3307 

35 

40 

2.0 

17 

4.5 

200 

300 

2.0 

1.3 

2N3308 

25 

25 

2.0 

17 

6.0 

200 

300 

2.0 

1.6 

2N4261 # 

15 

30 

10 

— 

— 

— 

1600 

10 

2.5 

2N4260 

15 

30 

10 

— 

— 

— 

2000 

10 

2.5 


tJAN/JANTX/JANTXV/JANS available #JAN/JANTX/JANTXV available 
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Table 15. Switching Transistors 

The following devices are intended for use in general-purpose switching and amplifier applications. Within each package group 
shown, the devices are listed in order of decreasing turn-on time (ton)- 


Device 

*on 
ns & 

toff 

ns 

Co Ic 

V(BR)CEO 

Volts 

Ic 

mA 

hpE C« 

Ic 

VcE(sat) 
Volts (n 

Ic Co 

Ib 

fT 

MHz 

Ic 

Type 

Max 1 

Max 

[ mA 

Min 

Max 

Min 1 

mA 

Max 1 

mA 1 

mA 

Min 

mA 


NPN — TO-206AA (TO-18) 


2N3012 

60 

75 

30 

12 

200 

20 

100 

0.5 

100 

10 

— 

— 

2N708 

40 

70 

10 

15 

30 

30 

10 

0.4 

10 

1.0 

300 

10 

2N2540 

40 

40 

150 

30 

— 

100 

150 

0.45 

150 

15 

250 

20 

2N914** 

40 

40 

200 

15 

150 

12 

10 

0.7 

200 

20 

300 

20 

2N2481 

40 

55 

100 

15 

150 

40 

10 

0.4 

100 

10 



— 

2N4014 

35 

60 

500 

50 

1000 

35 

500 

0.52 

500 

50 

300 

50 

2N4013 

35 

60 

500 

30 

1000 

35 

500 

0.42 

500 

50 

300 

50 

2N834 

35 

40 

10 

40 

200 

25 

10 

0.4 

50 

5.0 

350 

10 

2N835 

35 

40 

10 

40 

200 

— 

— 

0.4 

50 

5.0 

350 

10 

2N2501 

15 

25 

300 

20 

•— 

10 

500 

0.3 

50 

5.0 

350 

10 

2N2369 

12 

18 

100 

15 

500 

20 

100 

0.25 

10 

1.0 

500 

10 

2N3011 

15 

20 

30 

12 

500 

12 

100 

0.5 

100 

10 

400 

20 

2N3013 

15 

25 

300 

15 

500 

15 

300 

0.5 

300 

30 

350 

30 

2N3014 

16 

25 

30 

20 

500 

25 

100 

0.35 

100 

10 

350 

30 

2N2369At 

12 

18 

10 

15 

200 

40 

10 

0.2 

10 

1.0 

500 

10 

2N2368 

12 

— 

10 

15 

200 

20 

10 

0.25 

10 

1.0 

400 

10 

2N3227 

12 

18 

100 

20 

50 

30 

100 

0.25 

10 

1.0 

500 

10 

BSX20 

7.0 

18 

100 

15 

500 

20 

10 

0.25 

10 

1.0 

400 

10 


NPN — TO-205AD** (TO-39) 


2N5320 

80 

800 

500 

75 

2000 

30 

500 

0.5 

500 

50 

_ 

_ 

2N5321 

80 

800 

500 

50 

2000 

40 

500 

0.8 

500 

50 

— 

— 

2N3444** 

50 

70 

500 

50 


20 

500 

0.6 

500 

50 

175 

50 

2N3253** 

50 

70 

500 

40 


25 

500 

0.6 

500 

50 

175 

50 

2N3735# 

48 

60 

1000 

50 

1500 

20 

1000 

0.5 

500 

50 

250 

50 

2N3734 

48 

60 

1000 

50 

1500 

30 

1000 

0.5 

500 

50 

250 

50 

2N3252 

45 

70 

500 

30 



30 

500 

0.5 

500 

50 

200 

50 

2N3506# 

45 

90 

1500 

40 

3000 

40 

1500 

1.0 

1500 

150 

60 

100 

2N3507# 

45 

90 

1500 

50 

3000 

30 

1500 

1.0 

1500 

150 

60 

100 

BSX60 

40 

70 

500 

30 

1000 

30 

500 

0.5 

500 

50 

— 

— 

2N5859 

36 

70 

100 

40 

2000 

15 

1000 

0.7 

1000 

100 

25 

50 

2N3725 

35 

60 

500 

50 

2000 

35 

500 

0.52 

500 

50 

300 

50 

2N3724 

35 

60 

500 

30 

2000 

35 

500 

0.42 

500 

50 

300 

50 

BSX59 

35 

60 

500 

45 

1000 

25 

500 

0.5 

500 

50 

— 

— 

MM5262 

30 

60 

1000 

40 

2000 

25 

1000 

0.8 

1000 

100 

350{typ) 

50 

2N5861 

25 

60 

500 

50 

2000 

25 

500 

0.5 

500 

50 

200 

50 


NPN — TO-205AD (TO-46) 


2N3737# 

48 

60 

1000 

50 

1500 

20 

1000 

0.5 

500 

50 

250 

50 

2N3648 

16 

18 

150 

15 

500 

30 

150 

0.4 

150 

15 

450 

15 


NPN — TO-205AD (TO-52) 

fMM1748A I 10 I 15 | 10 | — | 150 | 20 | 10 | — | — | — | 600 | 5.0 


PNP — TO-206AA (TO-18) 


2N2894 

60 

90 

30 

12 

200 

40 

30 

0.2 

30 

3.0 

400 

30 

2N869A** 

50 

80 

30 

18 

200 

40 

30 

0.2 

30 

3.0 

400 

10 

2N3546 

40 

30 

50 

12 

— 

25 

50 

0.25 

50 

5.0 

700 

10 

2N4208 

15 

20 

10 

12 

200 

30 

10 

0.15 

10 

1.0 

700 

10 

MM4258 

15 

20 

10 


200 

30 

10 

0.15 

10 

1.0 

700 

10 

2N4209 

15 

20 

10 

15 

200 

50 

10 

0.6 

50 

5,0 

850 

10 
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SMALL-SIGNAL BIPOLAR TRANSISTORS — METAL (continued) 


Table 15. Switching Transistors (continued) 


Device 

*on 
ns & 

toff 

ns 

@ Ic 

V(BR)CEO 

Volts 

Ic 

mA 

hpE @ 

'c 

VcE(sat) 
Volts @ 

Ic @ 

Ib 

MHz 

Ic 

Type 

Max I 

Max 

I mA 

Min 

Max 

Min I 

mA 

Max I 

mA I 

mA 

Min 

mA 


PNP ~ TO-205AD (TO-39) 


2N4036 

110 

700 

150 

65 

1000 

40 

150 

0.65 

150 

15 

60 

50 

2N5322 

100 

1000 

500 

75 

2000 

30 

500 

0.7 

500 

50 

— 

— 

2N5323 

100 

1000 

500 

50 

2000 

40 

500 

1.2 

500 

50 

— 

_ 

2N4406 

75 

225 

1000 

80 

1500 

20 

1000 

0.7 

1000 

100 

150 

50 

2N4407 

75 

225 

1000 

80 

1500 

30 

1000 

0.7 

1000 

100 

150 

50 

2N3245 

55 

165 

500 

50 

1000 

30 

500 

0.6 

500 

50 

150 

50 

2N3244 

50 

185 

500 

40 

1000 

50 

500 

0.5 

500 

50 

175 

50 

2N4453** 

50 

80 

30 

18 

200 

25 

100 

0.5 

100 

10 

400 

10 

2N3467# 

40 

90 

500 

40 

100 

40 

500 

0.5 

500 

50 

175 

50 

2N3468# 

40 

90 

500 

50 

1000 

25 

500 

0.6 

500 

50 

150 

50 

2N4404 

40 

210 

500 

80 

1000 

30 

500 : 

0.5 

500 

50 

200 

50 

2N4405** 

40 

210 

500 

80 

1000 

50 

500 

0.5 

500 

50 

200 

50 

2N5022 

40 

90 

500 

— 

500 

25 

1000 

0.8 

1000 

100 

170 

50 

2N5023 

40 

90 

500 

— 

500 

40 

1000 

0.7 

1000 

100 

200 

50 

2N2800 

34 

270 

150 

35 

800 

25 

500 

1.2 

500 

50 

120 

50 

2N3764 

11.5 

65 

100 


1500 

30 

1000 

0.9 

1000 

100 

180 

50 

2N3765 

11.5 

65 

100 

! 60 

1500 

20 

1000 

0.9 

1000 

100 

150 

50 

2N3762# 

11.5 

65 

100 

1 40 

1500 

30 

1000 

0.9 

1000 

100 

180 

50 

2N3763# 

11.5 

65 

100 

60 

1500 

20 

1000 

0.9 

1000 

100 

150 

50 


“JAN/JANTX available #JAN/JANTX/JANTXV available tJAN/JANTX/JANTXV/JANS available 


Table 16. Choppers 

Devices are listed in decreasing V(bR)EBO- 


PNP — TO-206AB (TO-46) 


Device 

V(BR)EBO 

Min 

V(BR)ECO 

hFE(inv) 

Min 

Offset Voltage 
VEC(ofs) 

Max (mV) 

On-State 

Resistance 

fec(on) 

Max (n) 

2N2946A 

40 

35 

20 

0.5 

8.0 

2N2946 

40 

35 

3.0 

0.8 

8.0 

2N5230 

30 

20 

15 

0.5 

8.0 

2N2945A 

25 

20 

30 

1.0 

6.0 

2N2945 

25 

20 

4.0 

1.0 

35 


Table 17. High-Gain Darlington Transistors 


NPN — TO-206AF (TO-72) 






hPE 


Device 

V(BR)CB10 

V(BR)CE20 

V(BR)E2B10 

Min 

Max 

Ic 

2N2723 

80 

60 

12 

2000 

10000 

10 

2N2785 

60 

40 

15 

2000 

20000 

100 


NPN — TO-206AA (TO-18) 


MM6427 I 40 I 50 I 12 I 10000 | — | 100 
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Small-Signal Field-Effect Transistors 
JFETs \~~4 


JFETs operate in the depletion mode. They are available 
in both P- and N-channel are are offered in both metal and 
plastic packages. Applications include general-purpose 
amplifiers, switches and choppers, and RF amplifiers and 
mixers. These devices are economical and very rugged. The 
drain and source are interchangeable on many typical FETs. 


Table 1. Low-Frequency/Low-Noise 



P-Channel JFETs 


Package 

TO- 

Device 

Be IVfsl 

Re |Tosl 

Ciss 

Crss 

V(BR)GSS 

V(BR)GDO 

VGS(off) 

loss 

(mmho) 

Min 

(/umho) 

Max 

(pF) 

Max 

(pF) 

Max 

(V) 

Min 

(> 

Min 

f) 

Max 

(m 

Min 

A) 

Max 

72 

2N3909 

1.0 

100 

32 

16 


0.3 

7.9 

0.3 

15 

92 

MPF2608 

1.0 

— 

17 

— 

30 

1.0 

4.0 

0.9 

4.5 

92 

2N5460 

1.0 

50 

7.0 

2.0 

40 

0.75 

6.0 

1.0 

5.0 

92 

2N5463 

1.0 

75 

7.0 

2.0 

60 

0.5 

4.0 

1.0 

5.0 

72 

2N3330 

1.5 

40 

20 

— 

20 

— 

6.0 

2.0 

6.0 

92 

MPF3330 

1.5 

40 

20 

— 

20 

— 

6.0 

2.0 

6.0 

92 

2N5461 

1.5 

50 

7.0 

2.0 

40 

1.0 

7.5 

2.0 

9.0 

92 

2N5464 

1.5 

75 

7.0 

2.0 

60 

0.8 

4.5 

2.0 

9.0 

92 

2N5462 

2.0 

50 

7.0 

2.0 

40 

1.8 

9.0 

4.0 

16 

92 

2N5465 

2.0 

75 

7.0 

2.0 

60 

1.5 

6.0 

4.0 

16 

72 

2N3331 

2.0 

100 

20 

— 

20 

— 

8.0 

5.0 

15 

72 

2N3909A 

2.2 

100 

9.0 

3.0 

20 

0.3 

7.9 

1.0 

15 

92 

J271 

6.0 

200 

32 

8.0 

30 

0.5 

2.0 

2.0 

15 


N-Channel JFETs 


Package 

TO- 

Device 

Re 

Yfsl 

Re l^osl 

Ciss 

Crss 

V(BR)GSS 

V(BR)GDO 

VGS(off) 

•dss 

(mmho) 

Min 

@ 

f 

(MHz) 

(/Ltmho) 

Max 

@ 

f 

(MHz) 

(pF) 

Max 

(pF) 

Max 

(V) 

Min 

Min 

(> 

f) 

Max 

(n 

Min 

A) 

Max 

18 

2N3370 

0.3 

30 

15 

30 

20 

3.0 

40 

— 

3.2 

0.1 

0.6 

92 

J201 

0.5 

20 

1.0^ 

20 

5.0^ 

2.0^ 

40 

0.3 

1.5 

0.2 

1.0 

18 

2N4339 

0.8 

15 

15 

15 

7.0 

3.0 

50 

0.6 

1.8 

0.5 

1.5 

92 

MPF4339 

0.8 

15 

15 

15 

7.0 

3.0 

50 

0.6 

1.8 

0.5 

1.5 

18 

2N3460 

0.8 

20 

5.0 

30 

18 

6.0 

50 

— 

1.8 

0.2 

1.0 

18 

2N3438 

0.8 

20 

5.0 

30 

18 

6.0 

50 

— 

2.3 

0.2 

1.0 

72 

2N4220 

1.0 

15 

10 

15 

6.0 

2.0 

30 

— 

4.0 

0.5 

3.0 

72 

2N4220A 

1.0 

15 

10 

15 

6.0 

2.0 

30 

— 

4.0 

0.5 

3.0 


t = typical 
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SMALL-SIGNAL FIELD-EFFECT TRANSISTORS (continued) 
Table 1. Low-Frequency/Low-Noise (continued) 


N-Channel JFETs (continued) 


Package 

TO- 

Device 

Re 

Yfsl 

Pel 

Vosl 

Ciss 

Cfss 

V(BR)GSS 

V(BR)GDO 

VGS(off) 

loss 

(mmho) 

Min 

@ 

f 

(MHz) 

(/Ltmho) 

Max 

@ 

f 

(MHz) 

(pF) 

Max 

(pF) 

Max 

(V) 

Min 

Min 

f ) 

Max 

(n 

Min 

A) 

Max 

18 

2N4348 

0.6 

0.001 

5.0 

0.001 

6.0 

2.0 

50 

0.3 

1.0 

0.2 

0.6 

92 

J202 

1.0 

20 

3 . 5t 

20 

5 . 0t 

2 . 0t 

40 

0.8 

4.0 

0.9 

4.5 

72 

2N5359 

1.2 

15 

10 

15 

6.0 

2.0 

40 

0.8 

4.0 

0.6 

1.6 

18 

2N4340 

1.3 

15 

30 

15 

7.0 

3.0 

50 

1.0 

3.0 

1.2 

3.6 

72 

2N5360 

1.4 

15 

20 

15 

6.0 

2.0 

40 

0.8 

4.0 

0.5 

2.5 

92 

2N5458 

1.5 

15 

50 

15 

7.0 

3.0 

25 

1.0 

7.0 

2.0 

9.0 

72 

2N5361 

1.5 

15 

20 

15 

6.0 

2.0 

40 

1.0 

6.0 

2.5 

5.0 

92 

J203 

1.5 

20 

lot 

20 

5 . 0t 

2 . 0t 

40 

2.0 

10 

4.0 

20 

18 

2N3459 

1.5 

20 

20 

30 

18 

6.0 

50 

— 

3.4 

0.8 

4.0 

72 

2N3821 

1.5 

15 

10 

15 

6.0 

3.0 

50 

— 

4.0 

0.5 

2.5 

92 

MPF3821 

1.5 

15 

10 

15 

6.0 

3.0 

50 

— 

4.0 

0.5 

2.5 

18 

2N3437 

1.5 

20 

20 

30 

18 

6.0 

50 

— 

4.8 

0.8 

4.0 

92 

2N5457 

2.0 

15 

50 

15 

7.0 

3.0 

25 

0.5 

6.0 

1.0 

5.0 

92 

2N5459 

2.0 

15 

50 

15 

7.0 

3.0 

25 

2.0 

8.0 

4.0 

16 

72 

2N4221 

2.0 

15 

20 

15 

6.0 

2.0 

30 

— 

6.0 

2.0 

6.0 

92 

MPF4221 

2.0 

15 

20 

15 

6.0 

2.0 

30 

— 

6.0 

2.0 

6.0 

72 

2N4221A 

2.0 

15 

20 

15 

6.0 

2.0 

30 

— 

6.0 

2.0 

6.0 

72 

2N3822 

2.0 

15 

20 

15 

6.0 

, 3.0 

50 

— 

6.0 

2.0 

10 

92 

MPF3822 

2.0 

15 

20 

15 

6.0 

3.0 

50 

— 

6.0 

2.0 

10 

18 

2N4341 

2.0 

15 

60 

15 

7.0 

3.0 

50 

2.0 

6.0 

3.0 

9.0 

72 

2N4222 

2.5 

15 

40 

15 

6.0 

2.0 

30 

— 

8.0 

5.0 

15 

72 

2N4222A 

2.5 

15 

40 

15 

6.0 

2.0 

30 

— 

8.0 

5.0 

15 

92 

MPF4222A 

2.5 

15 

40 

15 

6.0 

2.0 

30 

— 

8.0 

5.0 

15 

18 

2N4398 

12t 

0.001 

— 

— 

14 

1 

3.5 

40 

0.5 

3.0 

5.0 

30 

72 

2N4118 

80 

0.001 

5.0 

10 

3.0 

1.5 

40 

1.0 

3.0 

80 

240 

92 

MPF4118 

80 

0.001 

5.0 

10 

3.0 

1.5 

40 

1.0 

3.0 

80 

240 

72 

2N4118A 

80 

0.001 

5.0 

10 

3.0 

1.5 

40 

1.0 

3.0 

80 

240 

92 

MPF4118A 

80 

0.001 

5.0 

10 

3.0 

1.5 

40 

1.0 

3.0 

80 

240 


t = typical 


Table 2. High-Frequency Amplifiers 

N-Channel JFETs 


Package 

TO- 

Device 

Re lYfsl 

Re lYosI 

Ciss 

Crss 

NF 

V(BR)GSS 

V(BR)GDO 

VGS(off) 

>DSS 

(mmho) 

Min 

@ 

f 

(MHz) 

(/tmho) 

Max 

@ 

f 

(MHz) 

(pF) 

Max 

(pF) 

Max 

(dB) 

Max 

@ 

RG = 1K 
f (MHz) 

(V) 

Min 

Min 

0 

Max 

(m 

Min 

A) 

Max 

92 

2N5669 

1.6 

100 

100 

100 

7.0 

3.0 

2.5 

100 

25 

1.0 

6.0 

4.0 

10 

92 

MPF102 

1.6 

100 

200 

100 

7.0 

3.0 

— 

— 

25 

— 

8.0 

2.0 

20 

92 

2N3819 

1.6 

100 

— 

— 

8.0 

4.0 

— 

— 

25 

— 

8.0 

2.0 

20 

92 

2N5668 

1.0 

100 

50 

100 

7.0 

3.0 

2.5 

100 

25 

0.2 

4.0 

1.0 

5.0 

92 

MPF4224 

1.7 

200 

200 

200 

6.0 

2.0 

— 

— 

30 

0.1 

8.0 

2.0 

20 

92 

2N5484 

2.5 

100 

75 

100 

5.0 

1.0 

3.0 

100 

25 

0.3 

3.0 

1.0 

5.0 

92 

2N5670 

2.5 

100 

150 

100 

7.0 

3.0 

2.5 

100 

25 

2.0 

8.0 

8.0 

20 
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Table 2. High-Frequency Amplifiers (continued) 

N-Channel JFETs (continued) 



Reh 

^fsl 

Re lY, 

3sl 

Ciss 

Crss 

Device 

(mmho) 

Min 

@ 

f 

(MHz) 

(/Mmho) 

Max 

@ 

f 

(MHz) 

(PF) 

Max 

(pF) 

Max 

2N5246 

2.5 

400 

100 

400 

4.5 

1.0 

MPF4223 

2.7 

: 200 

200 

200 


2.0 

2N5485 

3.0 

400 

100 

400 

5.0 

1.0 

J305 

3.0^ 

400 

80^ 

100 

3.0* 

0.8* 

2N3823 

3.2 

200 

200 

200 

6.0 

2.0 

2N5486 

3.5 

400 

100 

400 

5.0 

1.0 

2N4416 

4.0 

400 

100 

400 

4.0 

0.8 

J300 

4.5 

0.001 

200 

0.001 

5.5 

1.1 


JF1033B 

JF1033S 

JF1033Y 

2N4416A 

2N5245 

2N5247 

J304 

U308 

U309 

U310 

J308 

J309 

J310 


100 

400 

4.0 

0.8 

100 

400 

4.5 

1.0 

150 

400 

4.5 

1.0 

80* 

100 

3.0* 

0.8* 

150 

100 

5..0 

2.5 

150 

100 

5.0 

2.5 

150 

100 

5.0 

2.5 

250* 

100 

7.5 

2.5 

250* 

100 

7.5 

2.5 

250* 

100 

7.5 

2.5 


NF 

V(BR)GSS 

V(BR)GD0 

vg 

(dB) 

Max 

@ 

RG = IK 
f (MHz) 

(V) 

Min 

Min 

— 

— 

30 

0.5 

5.0 

200 

30 

0.1 

4.0 

400 

25 

1.0 

4.0* 

400 

30 

0.5 

2.5 

100 

30 

— 

4.0 

400 

25 

2.0 

4.0 

400 

30 

2.0 

— 

— 

25 

— 

2.5 

100 

20 

1.0 

2.5 

100 

20 

1.0 

2.5 

100 

20 

1.0 

4.0 

400 

30 

2.0 

4.0 

400 

30 

1.0 

4.0 

400 

30 

1.5 

4.0* 

400 

30 

2.0 

3.0* 

450 

25 

1.0 

3.0* 

450 

25 

1.0 

3.0* 

450 

25 

2.5 

1.5* 

100 

25 

1.0 

1.5* 

100 

25 

1.0 

1.5* 

100 

25 

2.0 




Table 3. Switches and Choppers 

P-Channel JFETs 


Package 

TO- 

I 

Device 

1 

•■dsi 

(on) 

(O) 

Max 

@ 

•d 

(mA) 

92 

MPF970 

100 

1.0 

92 

MPF971 

250 

1.0 

72 

2N3993 

150 

— 

72 

2N3994 

300 

— 

92 

J174 

85 

— 

92 

J175 

125 

— 

92 

J176 

250 

— 

92 

J177 

300 

— 


N-Channel JFETs 


18 

MFE2012 

18 

MFE2011 

18 

2N4859A 

92 

MPF4859A 

18 

2N4856A 


Min 

Max 

Min 

5.0 

12 

15 

1.0 

! 7.0 

2.0 

4.0 

9.5 

10 

1.0 

5.5 

2.0 

5.0 

10 

2.0 

3.0 

6.0 

7.0 

1.0 

4.0 

2.0 

0.8 

2.5 

1.5 


iDSS 

V(BR)GSS 

V(BR)GDO 

Ciss 

Crss 

(mA) 

{ Max 

(V) 

Min 

(pF) 

Max 

(pF) 

Max 


100 

30 

12 

5.0 


80 

30 

12 

5.0 


— 

25 

16 

4.5 


— 

25 

16 

4.5 


100 

30 

— 

— 


60 

30 

— 

— 


25 

30 i 

— 

— 


20 

30 ’ 

— 

— 


10 — 

3.0 

10 

100 

— 25 

15 1.0 

1.0 

10 

40 

— 25 

25 — 

2.0 

6.0 

50 

— 30 

25 — 

2.0 

6.0 

50 

— 30 

25 — 

4.0 

10 

50 

— 40 


50 

20 

50 

20 

10 

4.0 

10 

4.0 

10 

4.0 
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SMALL-SIGNAL FIELD-EFFECT TRANSISTORS (continued) 
Table 3. Switches and Choppers (continued) 

N-Channel JFETs (continued) 


Package 

TO- 

Device 

•■ds 

on) 

VGS(off) 

loss 

V(BR)GSS 

V(BR)GDO 

Ciss 

— 

Crss 

ton 

toff 

(«) 

Max 

@ 

■d 

(mA) 

Min 

t) 

Max 

(m 

Min 

A) 

Max 

(V) 

Min 

(PF) 

Max 

(pF) 

Max 

(ns) 

Max 

(ns) 

Max 

92 

MPF4856A 

25 

— 

4.0 

10 

50 

— 

40 

10 

4.0 

8.0 

20 

18 

2N4856 

26 

— 

4.0 

10 

50 

— 

40 

10 

8.0 

9.0 

25 

92 

MPF4856 

25 

— 

4.0 

10 

50 

- 

40 

10 

8.0 

9.0 

25 

18 

2N4859 

25 

— 

4.0 

10 

50 

— 

30 

18 

8.0 

9.0 

25 

92 

MPF4859 

25 

— 

4.0 

10 

50 

— 

30 

18 

8.0 

9.0 

25 

18 

MFE2010 

25 

1.0 

0.5 

10 

15 

— 

25 

50 

20 

10 

35 

18 

2N4391 

30 

1.0 

4.0 

10 

50 

150 

40 

14 

3.5 

15 

20 

92 

MPF4391 

30 

1.0 

4.0 

10 

60 

130 

20 

10 

3.5 

15 

20 

92 

2N5638 

30 

1.0 

— 

(12) 

50 

— 

30 

10 

4.0 

9.0 

15 

18 

2N4091 

30 

1.0 

5.0 

10 

30 

— 

40 

16 

5.0 

25 

40 

92 

MPF4091 

30 

1.0 

5.0 

10 

30 

— 

40 

16 

5.0 

25 

40 

92 

J111 

30 

1.0 


10 

20 

— 

35 

ioi 

5.0t 

13 

35 

18 

MFE2006 

30 

1.0 

-5.0 

-10 

30 

— 

-30 

16 

5.0 

20 

40 

18 

2N3970 

30 

1.0 

4.0 

10 

50 

150 

40 

25 

6.0 

20 

30 

92 

MPF3970 

30 

1.0 

4.0 

10 

50 

150 

40 

25 

6.0 

20 

30 

92 

MPF4857A 

40 

— 

2.0 

6.0 

20 

100 

40 

10 

3.5 

10 

40 

18 

2N4860A 

40 

— 

2.0 

6.0 

20 

100 

30 

10 

3.5 

10 

40 

92 

MPF4860A 

40 

— 

2.0 

6.0 

20 

100 

30 

10 

3.5 

10 

40 

■>8 

2N4857 

40 

— 

2.0 

6.0 

20 

100 

40 

18 

8.0 

10 

50 

18 , 

2N4857A 

40 

— 

2.0 

6.0 

20 

100 

40 

18 

8.0 

10 

50 

92 

MPF4857 

40 

— 

2.0 

6.0 

20 

100 

40 

18 

8.0 

10 

50 

18 

2N4860 

40 

— 

2.0 

6.0 

20 

100 

30 

18 

8.0 

10 

50 

92 

MPF4860 

40 

— 

2.0 

6.0 

20 

100 

30 

18 

8.0 

10 

50 

18 

2N4092 

50 

1.0 

2.0 

7.0 

15 

— 

40 

16 

5.0 

35 

60 

92 

J112 

50 

1.0 

1.0 

5.0 

5.0 

— 

35 

ioi 

5.0t 

13t 

35t 

18 

MFE2005 

50 

1.0 

-2.0 

-8.0 

15 

— 

-30 

16 

5.0 

35 

60 

18 

2N4392 

60 

1.0 

2.0 

5.0 

25 

75 

40 

14 

3.5 

15 

35 

92 

MPF4392 

60 

1.0 

2.0 

5.0 

25 

75 

20 

10 

3.5 

15 

35 

18 

2N4858A 

60 

1.0 

0.8 

4.0 

8.0 

80 

40 

10 

3.5 

16 

80 

92 

MPF4858A 

60 

1.0 

0.8 

4.0 

8.0 

80 

40 

10 

3.5 

16 

80 

. 18 

2N4861A 

60 

_ 

0.8 

4.0 

8.0 

80 

30 

10 

3.5 

16 

80 

92 

MPF4861A 

60 

— 

0.8 

4.0 

8.0 

80 

30 

10 

3.5 

16 

80 

92 

2N5639 

60 

.1.0 

— 

(8.0)t 

25 

— 

30 

10 

4.0 

14 

30 

18 

2N397,1 

60 

1.0 

2.0 

5.0 

25 

75 

40 

25 

6.0 

30 

60 

18 

2N4858 

60 

— 

0.8 

4.0 

8.0 

80 

40 

18 

8.0 

20 

100 

92 

MPF4858 

60 

— 

0.8 

4.0 

8.0 

80 

40 

18 

8.0 

20 

100 

18 

2N4861 

60 

, — 

0.8 

4.0 

8.0 

80 

30 

18 

8.0 

20 

100 

92 

MPF4861 

60 . 

__ 

0.8 

4.0 

8.0 

80 

30 

18 

8.0 

20 

100 

18 

2N4093 

80 

1.0 

1.0 

5.0 

80 

— 

40 

16 

5.0 

60 

80 

18 

MFE2004 

80 

1.0 

-1.0 

-6.0 

8.0 

— 

-30 

16 

5.0 

60 

80 

18 

2N4393 

100 

1.0 

0.5 

3.0 

5.0 

30 

40 

14 

3.5 

15 

50 

92 

MPF4393 

100 

1.0 

0.5 

3.0 

5.0 

30 

20 

10 

3.5 

15 

55 

92 

2N5640 

100 

1.0 

_ 

(6.0) 

5.0 

— 

30 

10 

4.0 

18 

45 

18 

2N3972 

100 

1.0 

0.5 

3.0 

5.0 

30 

40 

25 

6.0 

80 

100 

92 

MPF3972 

100 

1.0 

0.5 

3.0 

5.0 

30 

40 

25 

6.0 

80 

100 

92 

J113 

100 

1.0 

0.5 

3.0 

2.0 

- 1 

35 

lot 

5.0t 

13t 

35t 
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SMALL-SIGNAL FIELD-EFFECT TRANSISTORS (continued) 

Table 3. Switches and Choppers (continued) 


N-Channel JFETs (continued) 


Package 

TO- 

Device 

•'ds 

on) 

VGS(off) 

•dss 

V(BR)GSS 

V(BR)GD0 

Ciss 

Crss 

ton 

toff 

Max 

•d 

(/uA) 

(> 

Min 

/) 

Max 

(m 

Min 

Max 

(V) 

Min 

(PF) 

Max 

(pF) 

Max 

(ns) 

Max 

(ns) 

Max 

92 

2N555 

150 

— 

— 

1.0* 

15 

— 

25 

5.0 

1.2 

10 

25 

92 

BF246 

— 

— 

0.5 

14 

10 

300 

25 

— 

_ 

— 

— 

92 

BF246A 

35t 

1.0 

1.5 

4.0 

30 

80 

25 

— 

— 

— 

— 

92 

BF246B 

50t 

1.0 

3.0 

7.0 

60 

140 

25 

_ 

— 

— 

— 

92 

BF246C 

65t 

1.0 

5.5 

12 

110 

250 

25 

_ 

— 

— 

— 

92 

J107 

8.0 

— 

0.5 

4.5 

100 

— 

25 

— 

— 

— 

— 

92 

J108 

8.0 

— 

3.0 

10 

80 

— 

25 

— 

— 

— 

— 

92 

J109 

12 

— 

2.0 

6.0 

40 

— 

25 

— 

— 

— 

— 

92 

J110 

18 

— 

0.5 

4.0 

10 

— 

25 

- 

- 

— 

— 


t = typical *VGS(f) 
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MOSFETs 


Single Gate 


MOSFETs are available in either depletion/enhancement 
or enhancement mode (in general, depletion/enhancement 
devices are operated in the depletion mode and are referred 
to as depletion devices). They are available in both N- and 
P-channel, and both single gate and dual gate construction. 
Some MOSFETs are also offered with input diode protection 
which reduces the chance of damage from static charge in 
handling. 

Table 4. Dual Gate 

These devices are especially suited for RF amplifier and 
mixer applications in TV tuners, radio, etc. The Dual Gate 
construction also allows easy AGO control with very low 
power. 


N-Channel MOSFETs 


Package 

TO- 

Device 

Re lYfsl 

Re IVosI 

Ciss 

Crss 

NF 

V(BR)GSS 

V(BR)GDO 

VGS(off) 

loss 

(mmho) 

Min 

@ 

f 

(MHz) 

(/nmho) 

Max 

@ 

f 

(MHz) 

(PF) 

Max 

(pF) 

Max 

(dB) 

Max 

@ 

RG = IK 
f (MHz) 

(V) 

Min 

0 

Min 

0 

Max 

(m 

Min 

A) 

Max 

72 

MFE521 

10 

0.001 

— 

— 

4.0 

0.02 

3.5 

200 

10 

0.5 

2.0 

5.0 

20 

72 

MFE211 

17 

0.001 

— 

— 

— 

0.05 

3.5 

200 

± 6.0 

- 0.2 

- 5.5 

6.0 

40 

72 

MFE212 

17 

0.001 

— 

— 

— 

0.05 

4.0 

45 

± 6.0 

- 0.2 

- 5.5 

6.0 

40 

72 

MFE203 

7.0 

0.001 

— 

— 

4 . 3t 

0.03 

4.5 

200 

± 6.0 

- 0.2 

- 5.0 

3.0 

11 

72 

MFE201 

8.0 

0.001 

— 

— 

4 . 5 ^ 

0.03 

4.5 

200 

± 6.0 

- 0.2 

- 5.0 

6.0 

30 

72 

MFE202 

8.0 

0.001 

— 

— 

4 . 3t 

0.03 

4.5 

200 

± 6.0 

- 0.2 

- 5.0 

6.0 

30 

72 

MFE120 

8.0 

0.001 

— 

— 

7.0 

0.023 

5.0 

105 

± 7.0 

— 

- 4.0 

2.0 

18 

72 

MFE121 

10 

0.001 

— 

— 

6.0 

0.023 

5.0 

60 

± 7.0 

— 

- 4.0 

5.0 

30 

72 

MFE122 

8.0 

0.001 

— 

— 

7.0 

0.023 

5.0 

200 

± 7.0 

— 

- 4.0 

2.0 

20 

72 

MFE131 

8.0 

0.001 

— 

— 

7.0 

0.05 

5.0 

200 

± 7.0 

— 

- 4.0 

3.0 

30 

72 

MFE204 

10 

0.001 

— 

— 

— 

0.03 

5.0 

400 

25 

- 0.2 

- 4.0 

6.0 

30 

72 

MFE130 

8.0 

0.001 

— 

— 

7.0 

0.05 

5.0 

105 

± 7.0 

— 

- 4.0 

3.0 

30 

72 

MFE209 

10 

0.001 

— 

— 

7.0 

0.03 

6.0 

500 

± 7.0 

- 0.1 

- 4.0 

5.0 

30 

72 

MFE131 

8.0 

0.001 

— 

— 

7.0 

0.05 

5.0 

100 

± 7.0 

- 

- 4.0 

3.0 

30 


t = typical 


Table 5. Single Gate Low-Frequency/Low-Noise 

P-Channel MOSFETs 




Re lYfsl 

Ciss 

Crss 

V(BR)DSS 

VGS(th) 

<DSS 








(V) 

(mA) 

Package 


(mmho) 

(yxmho) 

(pF) 

(pF) 

(V) 





TO- 

Device 

Min 

Max 

Max 

Max 

Min 

Min 

Max 

Min 

Max 

72 

3N155 

1.0 

60 

5.0 

1.3 

-35 

- 1.5 

- 3.2 

— 

- 1.0 

72 

3N156 

1.0 

60 

5.0 

1.3 

-35 

- 3.0 

- 5.0 

— 

- 1.0 

72 

3N157 

1.0 

60 

5.0 

1.3 

-35 

- 1.5 

- 3.2 

— 

- 1.0 

72 

3N158A 

1.0 

60 

5.0 

1.3 

-25 

- 2.0 

- 6.0 

— 

-20 

18 

MFE823 

1.0 

- 

6.0 

1.5 

-50 

- 3.0 

- 5.0 

- 

- 0.25 


N-Channel MOSFETs 


^ ' 

2N3796 

0.4 

1.8 

7.0 

0.8 

25 

— 

- 7.0 

2.0 

6.0 

18 

MFE825 

0.5 

— 

4.0 

0.7 

20 

— 

— 

1.0 

25 

72 

2N4351 

1.0 

— 

5.0 

1.3 

25 

1.0 

5.0 

— 

10 

72 

3N169 

1.0 

— 

5.0 

1.3 

25 

0.5 

1.5 

— 

10 

72 

3N170 

1.0 

— 

5.0 

1.3 

25 

1.0 

2.0 

— 

10 

72 

3N171 

1.0 

— 

5.0 

1.3 

25 

1.5 

3.0 

— 

10 

18 

2N3797 

1.5 

— 

8.0 

0.8 

25 

- 

- 7.0 

2.0 

6.0 



Enhancement s Enhancement s 


Depletion s 
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Table 6. Switches and Choppers (continued) 


CASE 370-01 (FET DIP) 
N-CHANNEL 



•*□8(011) 

(a 

V(BR)DSS 

Volt 

•D(on) 

Vqs = 10 V 

Gfs 

Ciss 

Cd- 25 V 

Cqss 
@25 V 

Crss 
@ 25 V 

td{on) 

tr 

td(off) 

tf 


a 



Vds = 5.0 V 

mhos 

5.0 V 

PF 

pF 

pF 

ns 

ns 

ns 

ns 

Device 

Max 

mA 

Min 

Amp 

Min 

Amp 

Max 

Max 

Max 

Max 

Max 

Max 

Max 

IRFD120 

0.3 

600 

100 

1.3 

0.9 

0.6 

600 

400 

100 

40 

70 

100 

70 

IRFD123 

0.4 

600 

60 

1.1 

0.9 

0.6 

600 

400 

100 

40 

70 

100 

70 

IRFD110 

0.6 

800 

100 

1.0 

0.8 

0.8 

200 

100 

25 

20 

25 

25 

20 

IRFD113 

0.8 

800 

60 

0.8 

0.8 

0.8 

200 

100 

25 

20 

25 

25 

20 

IRFD220 

0.8 

400 

200 

0.8 

0.5 

0.4 

600 

300 

80 

40 

60 

100 

60 

IRFD223 

1.2 

400 

150 

0.7 

0.5 

0.4 

600 

300 

80 

40 

60 

100 

60 

IRFD213 

2.4 

300 

150 

0.45 

0.3 

0.5 

150 

80 

25 

15 

25 

15 

15 

IRFD210 

1.5 

600 

200 

0.6 

0.3 

0.5 

150 

80 

25 

15 

25 

15 

15 

IRFD1Z0 

2.4 

250 

100 

0.5 

0.25 

0.25 

70 

30 

10 

20 

25 

25 

20 

IRFD1Z3 

3.2 

250 

60 

0.4 

0.25 

0.25 

70 

30 

10 

20 

25 

25 

20 


P-CHANNEL 


IRFD9120 

0.6 

800 

100 

1.0 

0.8 

0.8 

450 

350 

100 

50 

100 

100 

100 

IRFD9123 

0.8 

800 

60 

0.8 

0.8 

0.8 

450 

350 

100 

50 

100 

100 

100 

IRFD9110 

1.2 

300 

100 

0.7 

0.6 

0.3 

250 

100 

35 

30 

60 

40 

40 

IRFD9112 

1.2 

300 

100 

0.6 

0.6 

0.3 

250 

100 

35 

30 

60 

40 

40 


TO-205AD (TO-39) 
N-CHANNEL 



''DS(on) 

@ 

VGS(th) 

V 

V(BR)DSS 

Ciss 

Crss 

ton 

toff 


il 

•d 



V 

pF 

pF 

ns 

ns 

Device 

Max 

A 

Min 

Max 

Min 

Max 

Max 

Max 

Max 

VN0300B 

1.2 

1 0 

0.8 

2.5 

30 

100 

25 

30 

30 

MFE930 

1.4 

1.0 

1.0 

3.5 

35 

70 

18 

15 

15 

MFE960 

1.7 

1.0 

1.0 

3.5 

60 

70 

18 

15 

15 

2N6659 

1.8 

1.0 

0.8 

2.0 

35 

50 

10 

5.0 

5.0 

MFE990 

2.0 

1.0 

1.0 

3.5 

90 

70 

18 

15 

15 

2N6660 

3.0 

1.0 

0.8 

2.0 

60 

50 

10 

5.0 

5.0 

2N6661 

4.0 

1.0 

0.8 

2.0 

90 

50 

10 

5.0 

5.0 

MFE910 

5.0 

0.5 

0.8 

2.5 

60 

50 

10 

10 

10 

VN1706B 

6.0 

0.5 

0.8 

2.0 i 

170 

125 

20 

16 

30 

VN2406B 

6.0 

0.5 

0.8 

2.0 

240 

125 

20 

16 

30 

MFE9200tt 

6.4 

0.25 

1.0 

4.0 

200 

90 

10 

15 

15 

VN1710B 

10 

0.5 

0.8 

2.0 

170 

125 

20 

16 

57 

VN2410B 

10 

0.5 

0.8 

2.0 

240 

125 

20 

16 

57 
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SMALL-SIGNAL FIELD-EFFECT TRANSISTORS (continued) 
Table 6. Switches and Choppers (continued) 


TO-205AF (TO-72) 
N-CHANNEL 



»'DS(on) 


VGS(th) 

V{BR)DSS 


Cfss 

*on 

toff 



Co^ 



/ 







a 

Id 




V 


PF 

ns 

ns 

Device 

Max 

A 

Min 


Max 

Min 


Max 

Max 

Max 

2N6796 

0.18 

8.0 

2.0 

4.0 

100 



105 

85 

IRFF130 

0.18 

8.0 

2.0 

4.0 

100 



200 

250 

IRFF133 

0.25 

7.0 

2.0 

4.0 

60 

800 

150 

200 

250 

2N6788 

0.3 

3.5 

2.0 

4.0 

100 

600 

100 


110 

IRFF120 

0.3 

6.0 

2.0 

4.0 

100 

600 

100 


170 

2N6798 

0.4 

5.5 

2.0 

4.0 

200 

900 

150 

80 

90 

IRFF123 

0.4 

5.0 

2.0 

4.0 

60 

600 

100 

110 

170 

IRFF230 

0.4 

5.5 

2.0 

4.0 

200 

150 

150 

80 

90 

2N6782 

0.6 

3.5 

2.0 

4.0 

100 

200 

25 



IRFF110 

0.6 

3.5 

2.0 

4.0 

100 





IRFF233 

0.6 

4.5 

2.0 

4.0 

150 



80 

90 

2N6790 

0.8 

3.5 

2.0 

4.0 

200 



90 

100 

IRFF113 

0.8 

3.0 

2.0 

4.0 

60 




45 

IRFF220 

0.8 

3.5 

2.0 

4.0 

200 




160 

2N6800 

1.0 

3.0 

2.0 

4.0 

400 

900 

80 

65 

90 

IRFF330 

1.0 

3.5 

2.0 

4.0 

400 

900 

80 

65 

90 

IRFF223 

1.2 

3.0 

2.0 

4.0 

150 

600 

80 

100 

160 

2N6784 

1.5 

2.25 

2.0 

4.0 

200 



35 

50 

2N6802 

1.5 

3.5 

2.0 

4.0 

500 



60 

85 

IRFF210 

1.5 

2.2 

2.0 

4.0 

200 

150 

25 

40 

30 

IRFF333 

1.5 

3.0 

2.0 

4.0 

350 

900 

80 

65 

90 

IRFF430 

1.5 

2.75 

2.0 

4.0 

500 

800 

60 

60 

85 

IRFF313 

1.5 

1.15 

2.0 

4.0 

350 

150 

15 

30 

25 

IRFF433 

2.0 

2.25 

2.0 

4.0 

450 

800 

60 

60 

85 

IRFF213 

2.4 

1.8 

2.0 

4.0 

150 

150 

25 

40 

30 

IRFF310 

3.6 

1.35 

2.0 

4.0 

400 

150 

15 

30 

25 
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Small-Signal 
Surface Mount Devices 




Bipolar Transistors 


SOT-23 


Table 1. General-Purpose 


Pinout; 1-Base, 2-Emitter, 3-Collector 

Devices are listed in order of descending breakdown voltage. 





hpE 

fj 

Device 

Marking 

V(BR)CEO 

Min 

Max 

@ Ic (mA) 

Min (MHz) 

BC846AL 

1A 

65 

110 

220 

2.0 

100 

BC846BL 

1B 

65 

200 

450 

2.0 

100 

BSS82BL 

CH 

60 

40 

120 

150 

100 

BC817-16L 

6A 

45 

100 

250 

100 

200 

BC817-25L 

6B 

45 

160 

400 

100 

200 

BC817-40L 

6C 

45 

250 

600 

100 

200 

BC847AL 

1E 

45 

110 

220 

2.0 

100 

BC847BL 

1F 

45 

200 

450 

2.0 

100 

BC847CL 

1G 

45 

420 

800 

2.0 

100 

BCX70KL 

AK 

45 

100 

— 

50 

125 

BCX70JL 

AJ 

45 

90 



50 

125 

BCW72L 

K2 

45 

200 

450 

2.0 



BCX70HL 

AH 

45 

70 

— 

50 

125 

BCX70GL 

AG 

45 

60 

220 

50 

125 

MMBT930L 

1X 

45 

150 

— 

0.5 

30 

BCW71 L 

K1 

45 

110 

220 

2.0 

_ 

BCX19L 

U1 

45 

40 



500 

200 

MMBC1 623L7L 

L7 

40 

300 

600 

1.0 

200 

MMBC1623L6L 

L6 

40 

200 

400 

1.0 

200 

MMBC1 623L5L 

L5 

40 

135 

270 

1.0 

200 

BSS79CL 

CF 

40 

100 

300 

150 

250 

MMBT2222AL 

1P 

40 

40 

_ 

500 

200 

MMBC1623L4L 

L4 

40 

90 

180 

1.0 

200 

MMBC1623L3L 

L3 

40 

60 

120 

1.0 

! 200 

BSS79BL 

CE 

40 

40 

120 

150 

250 

MMBTA20L 

1C 

40 

40 

400 

5.0 

125 

MMBT4123L 

5B 

30 

25 

_ 

50 

250 

MMBC1622D7L 

D7 

35 

300 

600 

0.5 

100 

MMBC1622D6L 

D6 

35 

200 

400 

0.5 

100 

BCW60AL 

AA 

32 

60 

__ 

50 

125 

BCW60DL 

AD 

32 

100 



50 

125 

BCW65AL 

EA 

32 

100 

250 

100 

100 

BCW60CL 

AC 

32 

90 



50 

125 

BCW60BL 

AB 

32 

70 



50 

125 

BC848AL 

1J , 

30 j 

110 j 

220 J 

2.0 

100 

BC848BL 

IK 

30 

200 

450 

2.0 

100 

BC848CL 

1L ' 

30 

420 

800 

2.0 

100 

MMBC1009F1L 

FI 

25 

30 

60 

0.5 

150 

MMBC1009F3L 

F3 

25 

60 

120 

0.5 

150 

BC818-16L 

6E 

25 

100 

250 

100 

200 

BC818-25L 

6F 

25 

160 

400 

100 

200 

BC818-40L 

6G 

25 

250 

600 

100 

200 

BCX20L 

U2 

25 

100 

600 

100 



BCW33L 

D3 

20 

420 



2.0 



BCW31L 

D1 

20 

110 

220 

2.0 

— 
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SURFACE MOUNT BIPOLAR DEVICES (continued) 

Table 1. General-Purpose (continued) 


^>FE 


Device 

Marking 

V(BR)CEO 

Min 

Max 

@ IC (mA) 

Min (MHz) 

PNP 

MMBT8599L 

2W 

80 

75 

_ 

100 

150 

BC856AL 

3A 

65 

125 

250 

2.0 

100 

BC856BL 

3B 

65 

220 

475 

2.0 

100 

MMBT8598L 

2K 

60 

75 

_ 

100 

150 

BSS82CL 

CM 

60 

100 

300 

150 

100 

MMBA811C8L 

C8 

45 

450 

900 

5.0 

50 

BC807-16L 

5A 

45 

100 

250 

100 

200 

BC807-25L 

5B 

45 

160 

400 

100 

200 

BC807-40L 

5C 

45 

250 

600 

100 

200 

BC857AL 

3E 

45 

125 

250 

2.0 

100 

BC857BL 

3F 

45 

220 

475 

2.0 

100 

BC857CL 

3G 

45 

420 

800 

2.0 

100 

BCX71KL 

BK 

45 

100 

_ 

50 

— 

MMBA811C7L 

C7 

45 

300 

600 

5.0 

50 

BCX71JL 

BJ 

45 

100 

— 

50 

— 

BCW70L 

H2 

45 

215 

500 

2.0 

— 

MMBA811C6L 

C6 

45 

200 

400 

5.0 

50 

BCW68GL 

DG 

45 

60 

— 

500 

100 

MMBA811C5L 

C5 

45 

135 

270 

5.0 

50 

BCW69L 

H1 

45 

120 

260 

2.0 

— 

BCX71GL 

BG 

45 

60 



50 

— 

BCW68FL 

DF 

45 

35 

— 

500 

100 

BCX17L 

T1 

45 

100 

600 

100 

100 

MMBA812M7L 

M7 

40 

300 

600 

1.0 

150 

MMBA812M6L 

M6 

40 

200 

400 

1.0 

150 

MMBA812M5L 

M5 

40 

135 

270 

1.0 

150 

MMBA812M4L 

M4 

40 

90 

180 

1.0 

150 

MMBA812M3L 

M3 

40 

60 

120 

1.0 

150 

BSS80BL 

CH 

40 

40 

120 

150 

200 

BSS80CL 

CJ 

40 

100 

30 

150 

200 

MMBTA70L 

2C 

40 

40 

400 

5.0 

125 

BCW61DL 

BD 

32 

110 

— 

50 

— 

BCW61CL 

BC 

32 

100 

— 

50 

— 

BCW67CL 

EC 

32 

100 

— 

500 

100 

BCW61BL 

BB 

32 

80 

— 

50 

— 

BCW67BL 

DB 

32 

60 

— 

500 

100 

BCW61AL 

BA 

32 

60 

— 

50 

— 

BCW67AL 

DA 

32 

35 

— 

500 

100 

BC808-16L 

5E 

25 

100 

250 

100 

200 

BC808-25L 

5F 

25 

160 

400 

100 

200 

BC808-40L 

5G 

25 

250 

600 

100 

200 

BC858AL 

3J 

30 

125 

250 

2.0 

100 

BC858BL 

3K 

30 

220 

475 

2.0 

100 

BC858CL 

3L 

30 

420 

800 

2.0 

100 

MMBT4125L 

ZD 

30 

25 

— 

50 

200 

BCX18L 

T2 

25 

40 

_ 

500 

_ 

MMBTA55L 

AL 

25 

30 

— 

500 

100 

BCW30L 

C2 

20 

215 

500 

2.0 

— 

BCW29L 

I 

20 

120 

260 

2.0 

— 
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Table 2. Switching Transistors 

Pinout: 1-Base, 2-Emitter, 3-Coilector 




Switching Time (ns) 


hPE 


Device 

Marking 

*on 1 toff 

V(BR)CEO 

Min 

Max 1 @ Iq (mA) 

Min (MHz) 


NPN 


MMBT2369L 

1J 

12 

18 

15 

20 

— 

100 

— 

BSV52L 

B2 - 

12 

18 

12 

40 

120 

10 

400 

MMBT2222L 

1B 

35 

385 

30 

30 

— 

500 

250 

MMBT2222AL 

1P 

35 

385 

40 

40 

— 

500 

200 

MMBT4401 L 

2X 

35 

255 

40 

40 

— 

500 

250 

MMBT3903L 

1Y 

70 

225 

40 

15 ' 

— 

100 

250 

MMBT3904L 

1A 

70 

250 

40 

30 

— 

100 

200 


PNP 


MMBT3640L 

2J 

25 

35 

12 

20 

_ 

50 

500 

MMBT4403L 

2T 

35 

225 

40 

90 

180 

1.0 

150 

MMBT2907L 

2B 

45 

100 

40 

30 

— 

500 

200 

MMBT2907AL 

2F 

45 

100 

60 

50 

— 

500 

200 

MMBT3906L 

2A 

70 

300 

40 

100 

300 

10 

250 


Table 3. VHF/UHF Amplifiers, Mixers, Oscillators 

Pinout: 1-Base, 2-Emitter, 3-Coiiector 





Cob 

tT 

Device 

Marking 

V(BR)CEO 

Max (pF) 

Min (GHz) 

@ Ic (mA) 

NPN 

MMBTH10L 

3E 

25 


0.65 

4.0 

MMBC1321Q3L 

Q3 

25 

1.8 

0.6 

2.0 

MMBC1321Q4L 

Q4 

25 

1.8 

0.6 

2.0 

MMBC1321Q5L 

Q5 

25 

1.8 

0.6 

2.0 

MMBT918L 

3B 

15 

1.7 

0.6 

4.0 

MMBTH24L 

3A 

30 

0.36 

0.4 

8.0 

PNP 

MMBTH81L 

3D 

20 

0.85 

0.6 

5.0 


Table 4. Choppers 

Pinout: 1-Base, 2-Emitter, 3-Coilector 




1 Device 

Marking 

1 V(BR)EBO 

V(br)CEO 

1 Min 

Max 

@ Ic (mA) 1 

PNP 

MMBT404L 

2M 

12 

24 

30 

400 

12 

MMBT404AL 

2N 

25 

35 

30 

400 

12 
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SURFACE MOUNT BIPOLAR DEVICES (continued) 


Table 5. Darlingtons 


Pinout: 1-Base, 2-Emitter, 3-Collector 

Devices are listed in order of descending hpE- 





VCE(sat) 

Max (V) 

hPE 

Device 

Marking 

V(BR)CEO 

Min 

Max 

I (a) Ic (mA) 


NPN 


MMBTA14L 

1N 

30 

1.5 

20K 

_ 

100 

MMBT6427L 

1V 

40 

1.5 

14K 

140K 

500 

I MMBTA13L 

1M 

3° 

1.5 

10K 

— 

100 


PNP 


MMBTA64L 

2V 

30 

1.5 

20K 

_ 

100 

MMBTA63L 

2U 

30 

1.5 

10K 

— 

100 


Table 6. Low-Noise Transistors 

Pinout: 1-Base, 2-Emitter, 3-Collector 

Devices are listed in order of ascending NR 




NF 


hPE 

fj 

Device 

Marking 

Typ (dB) 

V(BR)CE0 

1 Min 

1 Max 

1 (a Ic (mA) 

Min (MHz) 


NPN 


MMBT5088L 

IQ 

1.0 

30 

300 

— 

10 

50 

MMBT5089L 

1R 

1.0 

30 

400 

— 

10 

50 

MMBT2484L 

1U 

3.0 

60 

— 

800 

10 

15 

MMBT6428L 

IK 

3.0 

50 

250 

— 

10 

100 

MMBT6429L 

1L 

3.0 

45 

500 

— 

10 

100 

BC849BL 

2B 

4.0* 

30 

200 

450 

2.0 

100 

BC849CL 

2C 

4.0* 

30 

420 

800 

2.0 

100 

BC850BL 

2F 

4.0* 

45 

200 

450 

2.0 

100 

BC850CL 

2G 

4.0* 

45 

420 

800 

2.0 

100 


PNP 


MMBT5086L 

2P 

1.0 

50 

150 

— 

10 

40 

MMBT5087L 

2Q 

1.0 

50 

250 

— 

10 

40 

BC859AL 

4A 

4.0* 

30 

100 

220 

2.0 

100 

BC859BL 

4B 

4.0* 

30 

200 

450 

2.0 

100 

BC859CL 

4C 

4.0* 

30 

420 

800 

2.0 

100 

BC860AL 

4E 

4.0* 

45 

100 

220 

2.0 

100 

BC860BL 

4F 

4.0* 

45 

200 

450 

2.0 

100 

BC860CL 

4G 

4.0* 

45 

420 

800 

2.0 

100 


*Max 


Table 7. High-Voltage Transistors 


Pinout: 1-Base, 2-Emitter, 3-Collector 

Devices are listed i n order of descending breakdown voltage. 


— 



hPE 

fj 

Device 

Marking 

V(BR)CEO 

Min 

Max 

1 @ Ic (mA) 

Min (MHz) 


NPN 


MMBT6517L 

1Z 

350 

15 

_ 

100 

40 

MMBTA42L 

ID 

300 

40 

— 

30 

50 

MMBTA43L 

IE 

200 

40 

— 

30 

50 

MMBC1654N5L 

N5 

160 

50 

130 

15 

120 

MIVIBC1654N6L 

N6 

160 

100 

220 

15 

120 

MMBC1654N7L 

N7 

160 

150 

330 

15 

120 

MMBT5550L 

1F 

160 

30 

— 

50 

100 

MMBT5551 L 

G1 

160 

30 

— 

50 

100 


PNP 


MMBT6520L 

2Z 

350 

15 

— 

100 

40 

MMBTA92L 

2D 

300 

25 

— 

30 

50 

IVIMBTA93L 

2E 

200 

25 

— 

30 

50 

MMBT5401 L 

2L 

150 

50 

— 

50 

100 
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Table 8. Drivers 

Pinout: 1-Base, 2-Emitter, 3-Collector 





hPE 

fT 

Device 

Marking 

V(BR)CEO 

Min 

Max 

1 @ Ic (mA) 

Min (MHz) 


NPN 


MMBTA06L 

1G 

80 

50 



100 

100 

BSS64L 

AM 

80 

20 

80 

4 

50 

MMBTA05L 

1H 

60 

50 

— 

100 

100 


PNP 


BSS63L 

BM 

100 

30 


25 

50 

MMBTA55L 

2H 

60 

50 


100 

50 

MMBTA56L 

2G 

80 

50 

— 

100 

50 


Table 9. RF Transistors 

Pinout: 1-Base, 2-Emitter, 3-Collector 




fT 

NF 

MAG 

f 

Device 

Marking 

Typ (GHz)l Ic (mA) | VcE (V) 

Typ (dB) 1@ Ic (mA)| Vce (V) 

Typ (dB) 1 @ Ic (mA)| Vce (V) 

(MHz) 


NPN 


MMBR571L 

7X 

8.0 

50 

10 

2.0 

5.0 

6.0 

16.5* 

5.0 

6.0 

500 

MMBR911L 

7P 

6.0 

30 

10 

2.0 

10 

10 

17* 

10 

5.0 

500 

MMBR930L 

7C 

5.5 

30 

5.0 

1.9 

2.0 

5.0 

11 

30 

5.0 

500 

BFR92L 

PI 

3.0 

14 

10 

3.0 

3.0 

1.5 

— 

— 

— 

500 

BFR93L 

R1 

3.0 

30 

5.0 

2.5 

2.0 

5.0 

— 

~ 

— 

30 

MMBR931L 

7D 

3.5 

1.0 

1.0 

4.3 

0.5 

1.0 

10 

1.0 

1.0 

1000 

MMBR2060L 

7E 

2.5 

20 

1.0 

2.0 

1.5 

10 

13 

20 

10 

450 

MMBR5179L 

7H 

1.5 

5.0 

6.0 

4.0 

1.5 

6.0 

11 

5.0 

6.0 

450 

MMBR920L 

7B 

4.5 

14 

10 

2.4 

2.0 

10 

15 

2.0 

10 

500 

MMBR901L 

7A 

4.0 

15 

10 

1.9 

5.0 

6.0 

16 

5.0 

6.0 

1000 

MMBR941L 

7Y 

8.0 

15 

6.0 

1.7 

5.0 

6.0 

12.5 

5.0 

6.0 

2000 

MMBR951L 

7Z 

7.5 

30 

6.0 

1.7 

5.0 

6.0 

12.5 

5.0 

6.0 

2000 

MMBR5031L 

7G 

2.0 

5.0 

6.0 

1.9 

1.0 

6.0 

17 

1.0 

6.0 

450 

MMBR2857L 

7K 

1.2 

4.0 

10 

3.0 

1.5 

6.0 

12.5 

1.5 

6.0 

450 

BFS17L 

El 

1.0 

2.0 

5.0 

5.0 

2.0 

5.0 I 

— 

— 

— 

30 


PNP 


MMBR536L 

7R 

5.5 

20 

5.0 

4.5 

10 

5.0 

_ 

_ 

_ 

500 

MMBR4957L 

7F 

2.0 

2.0 

10 

3.0 

2.0 

10 

17 

2.0 

10 

450 


*GNF 


Table 10. Bipolar Quad Transistors — SO-16 


Device 

V(BR)CEO 

V(BR)CB0 

hpE 

fT 

Package 

Min 

@ Ic 'Tf'A 

MHz Min 

@ Ic (mA) 

MMPQ2222 

40 

60 

30 

300 

350* 

20 

SO-16 

MMPQ2222A 

40 

75 

40 

500 

350* 

20 

SO-16 

MMPQ2369 

15 

40 

20 

100 

450 

10 

SO-16 

MMPQ2907 

40 

40 

30 

300 

350* 

50 

SO-16 

MMPQ2907A 

50 

60 

50 

500 

350* 

50 

SO-16 

MMPQ3467 

40 

40 

20 

500 

125 

50 

SO-16 

MMPQ3725 

40 

60 

25 

500 

250 

50 

SO-16 

MMPQ3725A 

50 

70 

30 

500 

200 

50 

SO-16 

MMPQ3762 

40 

40 

20 

1000 

150 

50 

SO-16 


*Typ 
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SURFACE MOUNT DEVICES (continued) 

Field-Effect Transistors — SOT-23 


Table 11. RF JFETs 

Pinout: 1 -Drain, 2-Source, 3-Gate 




NF 

Yfs 


Device 

Marking 

I Typ (dB) I f (MHz) 

Min (mmhos) | Max (mmhos) | 

Vds (V) 

V(bR)GSS 


N-CHANNEL 


MMBFU310L 

6C 

1.5 

1.0 

10 

18 

10 

-25 

MMBF112L 

TV 

3.0** 

— 

1.0 

7,5 

10 

-25 

MMBF5484L 

6B 

2.0 

100 

3.0 

6.0 

15 

-25 

MMBF5486L 

6H 

2.0 

100 

4.0 

8.0 

15 

-25 

MMBF4416L 

6A 

2.0 

100 

4.5 

7.5 

15 

-30 

MMBFJ310L 

6T 

4.0 

450 

8.0 

18 

10 

-25 


**Max 


Table 12. General-Purpose JFETs 

Pinout: 1 -Drain, 2-Source, 3-Gate 





Yfs J 

•dss 

Device 

Marking 

V(BR)GSS 

Min (mmhos) | Max (mmhos) | 

Vds (V) 

Min (mA) | Max (mA) 


N-CHANNEL 


MMBF5457L 

6D 

25 

1.0 

5.0 

15 

1.0 

5.0 

MMBF5459L 

6L 

25 

2.0 

6.0 

15 

4.0 

16 


P-CHANNEL 

( MMBF5460L | 6E | -40 | 1.0 | 4.0 | -15 | 1.0 j 


Table 13. Choppers/Switches, JFETs 


Pinout: 1 -Drain, 2-Source, 3-Gate 




'■DS(on) 

Max (Ohms) 

toff 

Max (ns) 


VGS(off) 

Idss 

Device 

Marking 

V(BR)GSS 

Min (V) 1 Max (V) 

Min (mA) | Max (mA) 


N-CHANNEL 


MMBF4391L 

6J 

30 

20 

30 

-4.0 

-10 

50 

150 

BSR56L 

M4 

25 

25 

40 

-4.0 

-10 

50 

_ 

MMBF4860L 

6F 

40 

50 

30 

-2.0 

-6.0 

20 

100 

BSR57L 

M5 

40 

50 

40 

-2.0 

-6.0 

20 

100 

MMBF4392L 

6K 

60 

35 

30 

-2.0 

-5.0 

25 

75 

BSR58L 

M6 

60 

100 

40 

-0.8 

-4.0 

8.0 

80 

MMBF4393L 

6G 

100 

50 

30 

-0.5 

-3.0 

5.0 

30 


P-CHANNEL 


MMBFJ175L 

6W 

125 

30(t) 

-30 

3.0 

6.0 

-7.0 

-60 

MMBFJ177L 

6Y 

300 

45{t) 

-30 

0.8 

2.5 

-1.5 

-20 


Table 14. TMOS FETs 

Pinout: 1-Gate, 2-Source, 3-Drain 


Device 

Marking 

_ _ fDS(on) 

VdSS 

VGSithJ 

Switching Time 

Ohm 

mA 

Min (V) 

Max (V) 

ton ns 

toff ns 

N-CHANNEL 

MMBF170L 

6Z 

5.0 

200 

60 

0.8 

3.0 

10 

10 

BSS123L 

SA 

6.0 

100 

100 

0.8 

2.8 

20 

40 

2N7002 

702 

7.5 

500 

60 

1.0 

2.5 

20 

20 
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Table 15. Zener Diodes 

Zener Diodes are offered in two popular series. The leaded 1 N5226 series. The BCX84 series is identical to pop- 
MMBZ5226 has the same specifications as the standard axial ular European series SOT-23’s. 


Pinout: 1 -Anode, 2-NC, 3-Cathode (Vp = 0-9 V Max @ Ip = 10 niA for all types.) 


Device 

Marking 

Test 

Current 

IZT 

mA 

Zener 

Voltage 

Vz(±5%) 

Nominal 

— 

ZZK 

IZ = 0.25 mA 
a Max 

ZZT 

•Z = iZT 
@ 10% Mod 
Max 

Max 

•r @ Vr 

fiA V 

MMBZ5226BL 

8A 

20 

3.3 

1600 

28 

25 

1 

MMBZ5227BL 

8B 

20 

3.6 

1700 

24 

15 

1.0 

MMBZ5228BL 

8C 

20 

3.9 

1900 

23 

10 

1.0 

MMBZ5229BL 

8D 

20 

4.3 

2000 

22 

5.0 

1.0 

MMBZ5230BL 

8E 

20 

4.7 

1900 

19 

5.0 

2.0 

MMBZ5231BL 

8F 

20 

5.1 

1600 

17 

5.0 

2.0 

MMBZ5232BL 

8G 

20 

5.6 

1600 

11 

5.0 

3.0 

MMBZ5233BL 

8H 

20 

6.0 

1600 

7.0 

5.0 

3.5 

MMBZ5234BL 

8J 

20 

6.2 

1000 

7.0 

5.0 

4.0 

MMBZ5235BL 

8K 

20 

6.8 

750 

5.0 

3.0 

5.0 

MMBZ5236BL 

8L 

20 

7.5 

500 

6.0 

3.0 

6.0 

MMBZ5237BL 

8M 

20 

8.2 

500 

8.0 

3.0 

6.5 

MMBZ5238BL 

8N 

20 

8.7 

600 

8.0 

3.0 

6.5 

MMBZ5239BL 

8P 

20 

9.1 

600 

10 

3.0 

7.0 

MMBZ5240BL 

8Q 

20 

10 

600 

17 

3.0 

8.0 

MMBZ5241BL 

8R 

20 

11 

600 

22 

2.0 

8.4 

MMBZ5242BL 

8S 

20 

12 

600 

30 

1.0 

9.1 

MMBZ5243BL 

8T 

9.5 

13 

600 

13 

0.5 

9.9 

MMBZ5244BL 

8U 

9 

14 

600 

15 

0.1 

10 

MMBZ5245BL 

8V 

8.5 

15 

600 

16 

0.1 

11 

MMBZ5246BL 

8W 

7.8 

16 

600 

17 

0.1 

12 

MMBZ5247BL 

8X 

7.4 

17 

600 

19 

0.1 

13 

MMBZ5248BL 

8Y 

7.0 

18 

600 

21 

0.1 

14 

MMBZ5249BL 

8Z 

6.6 

19 

600 

23 

0.1 

14 

MMBZ5250BL 

81A 

6.2 

20 

600 

25 

0.1 

15 

MMBZ5251BL 

81 B 

5.6 

22 

600 

29 

0.1 

17 

MMBZ5252BL 

81 C 

5.2 

24 

600 j 

33 

0.1 

18 

MMBZ5253BL 

81 D 

5.0 

25 

600 1 

35 

0.1 

19 

MMBZ5254BL 

81 E 

4.6 

27 

600 , 

41 

0.1 

21 

MMBZ5255BL 

81 F 

4.5 

28 

600 , 

44 

0.1 

21 

MMBZ5256BL 

81 G 

4.2 

30 

600 1 

49 

0.1 

23 

MMBZ5257BL 

81 H 

3.8 

33 

700 

5? 1 

0.1 

25 


Pinout: 1 -Anode, 2-NC, 3-Cathode 


Device 

Marking 

Vzi 

Volts 

Vz2 

Volts 

VZ3 @ 

Volts ^ 

•z 

mA 

— 

Max Ir 

ZZT 

(ohms) (max) 

Min 

Max 

Min 

Max 

Min 

Max 


IZ2 

'Z3 

@ Vr 
(V olts) 

Ir ifiA) 

®) 

N 

II 

N 

BZX84C3V3L 

Z14 

3.1 

3.5 

2.3 


3.6 

4.2 

5.0 

1.0 

20 

1.0 

5.0 

95 

BZX84C4V3L 

W9 

4.0 

4.6 

3.3 

4 

4.4 

5.1 

5.0 

1.0 

20 

1.0 

3.0 

90 

BZX84C4V7L 

Z1 

4.4 

5.0 

3.7 

4.7 

4.5 

5.4 

5.0 

1.0 

20 

2.0 

3.0 

80 

BZX84C5V1 L 

Z2 

4.8 

5.4 

4.2 

5.3 

5.0 

5.9 

5.0 

1.0 

20 

2.0 

2.0 

60 

BZX84C5V6L 

Z3 

5.2 

6.0 

4.8 

6.0 

5.2 

6.3 

5.0 

1.0 

20 

2.0 

1.0 

40 

BZX84C6V2L 

Z4 

5.8 

6.6 

5.6 

6.6 

5.8 

6.8 

5.0 

1.0 

20 

4.0 

3.0 

10 

BZX84C6V8L 

Z5 

6.4 

7.2 

6.3 

7.2 

6.4 

7.4 

5.0 

1.0 

20 

4.0 

2.0 

15 

BZX84C7V5L 

Z6 

7.0 

7.9 

6.9 

7.9 

7.0 

8.0 

5.0 

1.0 

20 

5.0 

1.0 

15 

BZX84C8V2L 

Z7 

7.7 

8.7 

7.6 

8.7 

7.7 

8.0 

5.0 

1.0 

20 

5.0 

0.7 

15 

BZX84C9V1 L 

Z8 

8.5 

9.6 

8.4 

9.6 

8.5 

9.7 

5.0 

1.0 

20 

6.0 

0.5 

15 

BZX84C10L 

• Z9 

9.4 

10.6 

9.3 

10.6 

9.4 

10.7 

5.0 

1.0 

20 

7.0 

0.2 

20 

BZX84C11L 

Y1 

10.4 

11.6 

10.2 

11.6 

10.4 

11.8 

5.0 

1.0 

20 

8.0 

0.1 

20 

BZX84C12L 

Y2 

11.4 

12.7 

11.2 

12.7 

11.4 

12.9 

5.0 

1.0 

20 

8.0 

0.1 

. 25 

BZX84C13L 

Y3 

12.4 

14.1 

12.3 

14 

12.5 

14.2 

5.0 

1.0 

20 

8.0 

0.1 

30 

BZX84C15L 

Y4 

13.8 

15.6 

13.7 

15.5 

13.9 

15.7 

5.0 

1.0 

20 

10.5 

0.05 

30 

BZX84C16L 

Y5 

15.3 

17.1 

15.2 

17 

15.4 

17.2 

5.0 

1.0 

20 

11.2 

0.05 

40 

BZX84C18L 

Y6 

16.8 

19,1 

15.7 


16.9 

19.2 

5.0 

1.0 

20 

12.6 

0.05 

45 

BZX84C20L 

Y7 

18.8 

21.2 

18.7 

21.1 

18.9 

21.4 

5.0 

1.0 

20 

14 

0.05 

55 

BZX84C22L 

Y8 

20.8 

23.3 

20.7 

23.2 

20.9 

23.4 

5.0 

1.0 

20 

15.4 

0.05 

55 

BZX84C24L 

Y9 

22.8 

25.6 

22.7 

25.5 

22.9 

25.7 

5.0 

1.0 

20 

16.8 

0.05 

70 

BZX84C27L 

Y10 

25.1 

28.9 

25 

28.9 

25.2 

29.3 

2.0 

0.5 

10 

18.9 

0.05 

80(1) 

BZX84C30L 

Y11 

28 i 

32 

27.8 

32 

28.1 

32.4 

2.0 

0.5 

10 

21 

0.05 

80(1) 

BZX84C33L 

Y12 

31 

35 

30.8 

35 

31.1 

35.4 

2.0 

0.5 

10 

23.1 

0.05 

80(1) 


NOTE; (1) rdiff (a = 2.0 mA 
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Multiple Devices 


Bipolar Devices 

The trend in electronic system design is toward the use of 
integrated circuits — to reduce component cost, assembly 
cost, and equipment cost. But ICs still aren’t all things to all 
people, and for those circuit designs where ICs are not avail- 
able, there is a noticeable swing towards the use of multiple 
devices.’' 

Motorola is reacting to this expanding market requirement 
by making available a large selection of quad, dual, Darlington 
transistors, and diode arrays for off-the-shelf delivery. The 
chips used in the Quad and Dual transistors are those that 
have emerged as the most popular ones for discrete transistor 
applications. But even beyond that. Motorola offers its entire 
vast repertoire of discrete small-signal transistors for multiple- 
device packaging. For special applications where the devices 
in these tables might not quite fit the design requirements, 
special configurations can be supplied with quick turnaround 
time and at low premiums. 

Specification Tables 

The following short form specifications include Quad and Dual bipolar transistors listed in alphanumeric order. Some columns 
denote two different types of data indicated by either bold or italic typeface. See key and headings for proper identification. 
This applies to Table 1 and 2 of this section only. 



KEY 


Pd 

Watts ^ 

One I I Ic fj 

Die VcE I Amp hpE (& Ic = 

Only a Volts | Max Min | ^ Min 


Alphanumeric listing 
type numbers 

Identification Code 
1st Letter; Polarity 
C — both types in multiple device 
N-NPN 
P-PNP 
2nd Letter; Use 

A — General Purpose Amplifier 
E — Low Noise Audio Amplifier 
F — Low Noise RF Amplifier 
G — General Purpose Amplifier 
and Switch 

H — Tuned RF IF Amplifier 
M — Differential Amplifier 
S — High Speed Switch 
D — Darlington 

Y Power Dissipation specified at 25°C Single 
\ die rating, 

\. Ref. Point' A — Ambient temperature 
C — Case temperature 


Common-emitter 
DC Current Gam j 

Units tor test current' 

A — ampere 
m — mA 
u — yiA 


Current-Gain-Bandwidth 

Product 


Continuous (DC) Collector Current 

Rated Minimum Collector-Emitter Voltage 
Subscript letter identifies base termination 
listed below in order of preference. 
SUBSCRIPT; 

0-VcEO’Open 


hFE2 Max ' 

Cob ton toff (sS)i /Cl package 
pF ns ns Volts\~ \ TO-ICase 

Max Max Max ^ 

Gn — Power Gam 

NF — Noise Figure JEDEC Outline 

f — Test Frequency Package 

AUD — 10-15 kHz 

Frequency Units: 

H - Hertz M — MHz 
K — kHz G — GHz 

VcE(sat) — Collector-Emitter Saturation 
Voltage 

Iq — Test Current 

Current Units: u — fxA 
m — mA 
A — Amp 

i'FEl/i'FE2 — Current Gain Ratio 
Vbe — Differential Base Voltage |Vbei — Vbe 2I' 
Differential Amplifiers 

ton — turn-on time 
toff — turn-off time 

Output Capacitance, common-base. Shown without distinction: J 

Ccb ~ Collector-Base Capacitance y/ 

Cre — Common-Emitter Reverse Transfer Capacitance 
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MULTIPLE DEVICES (continued) 


Table 1. Bipolar Transistors — Quads 


TYPE NO. 

Id 

Pd 

Watts 

One 

Die 

Only 

VCE- 

Volts 

Ic 

Amp 

Max 

hpE^ 

Min 

•c 

fT 

MHz 

Min 

Typ* 

Cob 

PF 

Max 

Typ* 

hPEI 

hFE2 

hn 

ns 

Max 

Typ* 

AVbe 

mV 

Max 

toff 

ns 

Max 

Typ* 

Gp 

dB 

Min 

VCE 

(sat)(c 

Volts 

Max 

NF 

dB 

Max 

Typ* 

Ic 

p 

Ib 

^ f 

Ic 

PAC 

TO- 

No. 

iKAGE 

Case 

No. 

2N6987 

PA 

0.525 A 

60 

0 

0.6 

50 

500 m 

250 

8.0 

45 

300 

0.4 

10 

150 m 


632 

2N6988 

PA 

0.525 A 

60 

0 

0.6 

50 

500 m 

250 

8.0 

45 

300 

0.4 

10 

150 m 


607 

2N6989 

NA 

0.525 A 

50 

0 

0.8 

30 

500 m 

250 

8.0 

35 

300 

0.3 

10 

150 m 


632 

2N6990 

NA 

0.525 A 

50 

0 

0.8 

30 

500 m 

250 

8.0 

35 

300 

0.3 

10 

150 m 


607 

MHQ918 

NA 

0.65 

15 


0.05 

20 

3.0 m 

600 

2.0 

— 

— 

0.4 

10 

10 m 

116 

632 

MHQ2222 

NA 

0.65 

30 

O 

0.5 

30 

300 m 

200 

8.0 

25* 

250* 

0.4 

10 

15 m 

116 

632 

MHQ2369 

NS 

0.5 A 

15 

0 

0.5 

40 

10 m 

450 

4.0 

9.0* 

15* 

0.25 

10 

TO m 

116 

632 

MHQ2906 

PG 

0.65 A 

40 

0 

0.6 

40 

150 m 

200 

8.0 

30* 

100* 

0.4 

10 

150 m 

116 

632 

MHQ2907t 

PG 

0.65 A 

40 

0 

0.6 

100 

150 m 

200 

8.0 

30* 

100* 

0.4 

10 

150 m 

116 

632 

MHQ3467t 

PS 

0.9 A 

40 

0 

1.0 

20 

500 m 

125 

25 

40 

90 

0.5 

10 

500 m 

116 

632 

MHQ3546 

PS 

0.5 A 

12 

0 

0.2 

30 

10 m 

600 

6.0 

0.15* 

25* 

0.25 

10 

10 m 

116 

632 

MHQ3798 

PA 

0.5 A 

40 

0 

0.05 

150 

0.1 m 

60 

4.0 




3.0* 

AUD 

116 

632 

MHQ4002A 

NS 

0.75 A 

45 

0 

1.5 

30 

500 m 

200 

10 

40 

75 

0.52 

10 

500 m 

116 

632 

MHQ4013tt 

NS 

0.75 A 

40 

0 

1.5 

35 

500 m 

200 

10 

35 

60 

0.52 

10 

500 m 

116 

632 

MHQ4014 

NS 

0.75 A 

45 

0 

1.5 

35 

500 m 

200 

10 

35 

60 

0.52 

10 

500 m 

116 

632 

MHQ6002 

CA 

0.65 A 

30 

0 

0.5 

100 

150 m 

200 

8.0 

30* 

225* 

0.4 

10 

150 m 

116 

632 

MPQ1000 

NA 

0.65 A 

20 

0 

0.5 

50 

10 m 

175 

8.0 



0.5 

10 

150 m 


646 

MPQ2221 

NA 

0.65 A 

30 

0 

0.5 

40 

150 m 

200 

8.0 

25* 

250* 

0.4 

10 

150 m 


646 

MPQ2222 

NA 

0.65 A 

30 

0 

0.5 

100 

150 m 

200 

8.0 

25* 

250* 

0.4 

10 

150 m 


646 

MPQ2222A 

NA 

0.65 A 

30 

O 

0.5 

100 

150 m 

200 

8.0 

25* 

250* 

0.4 

10 

150 m 


646 

MPQ2369 

NS 

0.5 A 

15 

0 

0.5 

40 

10 m 

450 

4.0 

9.0* 

15* 

0.25 

10 

10 m 


646 

MPQ2483 

NA 

0.625 A 

40 

0 

0.05 

150 

1.0 m 

50 





3.0* 

AUD 


646 

MPQ2484 

NA 

0.625 A 

40 

0 

0.05 

300 

1.0 m 

50 





2.0* 

AUD 


646 

MPQ2906 

PA 

0.65 A 

40 

0 

0.6 

40 

150 m 

200 

8.0 

30* 

100* 

0.4 

10 

150 m 


646 

MPQ2907 

PA 

0.65 A 

40 

o 

0.6 

100 

150 m 

200 

8.0 

30* 

100* 

0.4 

10 

150 m 


646 

MPQ2907A 

PA 

0.65 A 

60 

0 

0.6 

100 

150 m 

200 

8.0 

30* 

100* 

0.4 

10 

150 m 


646 

MPQ3467 

PS 

0.75 A 

40 

o 

1.0 

20 

500 m 

125 

25 

40 

90 

0.5 

10 

500 m 


646 

MPQ3546 

PA 

0.5 A 

12 

0 

0.2 

30 

10 m 

600 

6.0 

15* 

25* 

0.25 

10 

10 m 


646 

MPQ3725t 

NS 

1.0 A 

40 

0 

1.0 

25 

500 m 

250 

10 

35 

60 

0.45 

10 

500 m 


646 

MPQ3725A 

NS 

1.0 A 

50 

0 

1.0 

30 

500 m 

200 

10 

3.5 

60 

0.45 


500 m 


646 

MPQ3762 

PS 

0.75 A 

40 

0 

1.5 

35 

150 m 

150 

15 

50 

120 

0.55 

10 

500 m 


646 

MPQ3798 

PA 

0.625 A 

40 

0 

0.05 

150 

0.1 m 

60 

4.0 




3.0* 

AUD 


646 

MPQ3799 

PA 

0.625 A 

60 

o 

0.05 

300 

0.1 m 

60 

4.0 




2.0* 

AUD 


646 

MPQ3904 

NG 

0.5 A 

40 

0 

0.2 

75 

10 m 

250 

4.0 

37* 

136* 

0.2 

10 

10 m 


646 

MPQ3906 

PG 

0.5 A 

40 

0 

0.2 

75 

10 m 

200 

4.5 

43* 

155* 

0.25 

10 

10 m 


646 

MPQ6001 

CG 

0.65 A 

30 

0 

0.5 

40 

150 m 

200 

8.0 

30* 

225* 

0.4 

10 

150 m 


646 

MPQ6002 

CG 

0.65 A I 

30 

0 

0.5 

100 

150 m 

200 

8.0 

30* 

225* 

0.4 

10 

150 m 


646 

MPQ6100 

CA 

0.5 A ' 

40 

o 

0.05 

75 

1.0 m 

50 

4.0 




4.0* 

AUD 


646 

MPQ6100A 

CA 

0.5 A 

45 

0 

0.05 

150 

1.0 m 

50 

4.0 




4.0* 

AUD 


646 

MPQ6426 

ND 

0.5 A 

30 

0 

0.5 

10K 

100 m 

125 

8.0 

— 


1.5 

10 

100 m 


646 

MPQ6427 

ND 

0.5 A 

40 

0 

0.5 

10K 

100 m 

125 

8.0 

— 

— 

1.5 

10 

100 m 


646 

MPQ6501 

CG 

0.65 A 

30 

0 

0.5 

40 

150 m 

200 

8.0 

30* 

225* 

0.4 

10 

150 m 


646 

MPQ6502 

CG 

0.65 A 

30 

0 

0.5 

100 

150 m 

200 

8.0 

30* 

225* 

0.4 

10 \ 

150 m 


646 

MPQ6600 

CA 

0.5 A 

40 

0 

0.05 

75 

1.0 m 

50 

4.0' 




4.0* 

AUD 


646 

MPQ6600A 

CA 

0.5 A 

45 

0 

0.05 

150 

1.0 m 

50 

4.0 



0.25 

4.0 

1.0 m 


646 

MPQ6700 

CA 

0.5 A 

40 

0 

0.2 

70 

10 m 

200 

4.5 



0.25 

4.0 

1.0 m 


646 

MPQ6842 

CA 

0.75 A 

40 

0 

0.5 

70 

10 m 

300 

4.5 

45 

150 

0.15 

10 

0.5 m 


646 

MPQ7041 

NA 

0.75 A 

150 

0 

0.5 

25 

1.0 m 

50 

5.0 



0.5 

10 

20 m 


646 

MPQ7042 

NA 

0.75 A 

200 

0 

0.5 

25 

1.0 m 

50 

5.0 



0.5 

10 

20 m 


646 

MPQ7043 

NA 

0.75 A 

250 

0 

0.5 

25 

1.0 m 

50 

5.0 



0.5 

10 

20 m 


646 

MPQ7091 

PA 

0.75 A 

150 

0 

0.5 

25 

1.0 m 

50 

5.0 



0.5 

10 

20 m 


646 

MPQ7092 

PA 

0.75 A 

200 

0 

0.5 

25 

1.0 m 

50 

5.0 



0.5 

10 

20 m 


646 

MPQ7093 

PA 

0.75 A 

250 

0 

0.5 

35 

10 m 

50 

5.0 



0.5 

10 

20 m 


646 

MQ918 

NA 

0.55 A 

15 

0 

0.05 

50 

3.0 m 

600 

1.7 




6.0 

60 M 


607 

MQ982 

PA 

0.4 A 

50 

o 

0.6 

40 

150 m 

200 

8.0 



0.5 

10 

150 m 


607 


tH, HX, and HXV Suffixes also available. 
ttMHQ4013 IS electrically equivalent to MHQ3725. 

Some columns show 2 different types of data indicated by either bold or italic typefaces. See key and headings. 
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Table 1. Bipolar Transistors — Quads (continued] 


TYPE NO. 

•d 

Pd 

Watts 

One 

Die 

Only 

VCE- 

Volts 

•c 

Amp 

Max 

hpE^ 

Min 

^ic 

h- 

MHz 

Min 

Typ* 

Cob 

PF 

Max 

Typ* 

hpEI 

hFE2 

hn 

ns 

Max 

Typ* 

AVbe 

mV 

Max 

hff 

ns 

Max 

Typ* 

Gp 

dB 

Min 

VCE 

(sat)^ 

Volts 

Max 

NF 

dB 

Max 

Typ* 

‘c 

i) 

Ib 

? f 

Ic 

PA( 

TO- 

No. 

:kage 

Case 

No. 

MQ1120 

PA 

0.4 A 

30 

0 

0.5 

50 

10 m 

200 

8.0 



0.1 

10 

10 m 


607 

MQ1129 

NA 

0.4 A 

30 

0 

0.5 

100 

10 m 

200 

8.0 



0.15 

10 

10 m 


607 

MQ2218 

NA 

0.4 A 

30 

0 

0.5 

40 

150 m 

200 

8.0 



0.4 

10 

150 m 


607 

MQ2218A 

NA 

0.6 A 

40 

0 

0.5 

40 

150 m 

200 

8.0 



0.4 

10 

150 m 


607 

MQ2219 

NA 

0.6 A 

30 

0 

0.5 

100 

150 m 

200 

8.0 



0.3 

10 

150 m 


607 

MQ2219A 

NA 

0.4 A 

30 

0 

0.5 

100 

150 m 

200 

8.0 



0.3 

10 

150 m 


607 

MQ2369 

NS 

0.4 A 

15 

0 

0.5 

40 

10 m 

500 

4.0 

15 

20 

0.25 

10 

10 m 


607 

MQ2484 

NE 

0.4 A 

60 

0 

0.03 

100 

10 u 

260* 

6.0 




3.0 

AUD 


607 

MQ2905A 

PG 

0.4 A 

60 

0 

0.6 

100 

150 m 

300 

8.0 

42 

130 

0.4 

10 

150 m 


607 

MQ3251 

PA 

0.4 A 

40 

0 

0.05 

100 

10 m 

300 

6.0 



0.25 

10 

10 m 


607 

MQ3467 

PS 

0.4 A 

40 

0 

1.0 

20 

500 m 

150 

20 

40 

110 

0.5 

10 

500 m 


607 

MQ3725 

NS 

0.4 A 

40 

0 

1.0 

50 

100 m 

200 

10 

45 

75 

0.26 

10 

100 m 


607 

MQ3762 

PS 

0.4 A 

40 

0 

1.5 

20 

1.0 A 

150 

20 

40 

110 

1.0 

10 

1.0 A 


607 

MQ3798 

PA 

0.4 A 

60 

0 

0.05 

150 

100 u 

450* 

4.0 



0.2 

10 

1.0 m 


607 

MQ6001 

CG 

0.4 A 

30 

O 

0.5 

40 

150 m 

200 

8.0 

60 

350 

0.4 

10 

150 m 


607 

MQ7001 

PA 

0.4 A 

I 30 

0 

0.6 

70 

1.0 m 

200 

8.0 



0.4 

10 

150 m 


607 

MQ7003 

NA 

0.4 A 

40 

0 

0.05 

50 

10 m 

200 

6.0 



0.35 

10 

1.0 m 


607 

MQ7007 

PA 

0.4 A 

40 

0 

0.2 

30 

1.0 m 

300 

8.0 



1.0 

10 

50 m 


607 

MQ7021 

CG 

0.4 A 

40 

0 

0.05 

50 

10 m 

200 

6.0 

28* 

72* 

0.35 

10 

10 m 


607 

2N5146 

PA 

0.4 A 

40 

0 

1.5 

20 

1.0 A 

150 

20 

40 

110 

1.0 

10 

1.0 A 


607 


Some columns show 2 different types of data indicated by either bold or italic typefaces. See key and headings. 


Table 2, Bipolar Transistors — Dual 


TYPE NO. 

— 

•d 

Pd 

Watts 

One 

Die 

Only 

VCE* 

Volts 

'c 

Amp 

Max 

hFE<^ 

Min 

? Ic 

Ft 

MHz 

Min 

Typ* 

Cob 

pF 

Max 

Typ* 

hpEI 

hFE2 

hn 

ns 

Max 

Typ* 

AVbe 

mV 

Max 

hff 

ns 

Max 

Typ* 

Gp 

dB 

Min 

VCE 

(sat)(i 

Volts 

Max 

NF ( 
dB 
Max 
Typ* 

Ic 

i 

Ib 

^ f 

Ic 

PA( 

TO- 

No. 

:kage 

Case 

No. 

BFX11 

PM 

0.4 A 

45 

0 

0.05 

80 

50 m 

130 

8.0 

0.8 

5.0 

0.25 

20 

50 m 

78 

654 

BFX15 

NM 

0.5 A 

40 

0 

0.5 

60 

100. u 

50 

15 

0.9 

5.0 

1.0 

10 

1.0 m 

78 

654 

BFX36 

PM 

0.4 A 

60 

0 

0.05 

100 

10 u 

40 

6.0 

0.9 

3.0 

0.25 

20 

10 m 

78 

654 

BFY81 

NM 

0.4 A 

45 

0 

0.03 

100 

100 u 

60 

6.0 

0.8 

10 

0.35 

10 

1.0 m 

78 

654 

MD708 

NG 

0.55 A 

15 

0 

0.2 

40 

10 m 

300 

5.0 

35 

75 

0.2 

10 

10 m 


654 

MD708A 

NM 

0.55 A 

15 

0 

0.2 

40 

10 m 

300 

5.0 

0.9 

5.0 

0.2 

10 

10 m 


654 

MD708AF 

NM 

0.55 A 

15 

0 

0.2 

40 

10 m 

300 

5.0 

— 

— 

0.85 

10 

100 m 


654 

MD708B 

NM 

0.55 A 

15 

0 

0.2 

40 

10 m 

300 

5.0 

0.8 

10 

0.2 

10 

10 m 


654 

MD708BF 

NM 

0.55 A 

15 

O 

0.2 

40 

10 m 

300 

5.0 

— 

— 

0.85 

10 

100 m 


654 

MD708F 

NM 

0.55 A 

15 

0 

0.2 

40 

10 m 

300 

5.0 

— 

— 

0.85 

10 

100 m 


654 

MD918A 

NM 

0.55 A 

15 

0 

0.05 

50 

3.0 m 

600 

1.7 

0.9 

5.0 


6.0 

60 M 


654 

MD918AF 

NM 

0.35 A 

15 

0 

0.05 

50 

3.0 m 

600 

1.7 

0.9 

5.0 


6.0 

60 M 


61 OA 

MD918B 

NM 

0.55 A 

15 

0 

0.05 

50 

3.0 m 

600 

1.7 

0.8 

10 


6.0 

60 M 


654 

MD918 

NM 

0.55 A 

15 

0 

0.05 

50 

30 m 

600 

1.7 

0.8 

10 


6.0 

60 m 


654 

MD982,F 

PA 

0.4 A 

50 

0 

0.6 

40 

150 m 

200 

8.0 



0.5 

10 

150 m 


61 OA 

MD984 

PA 

0.575 A 

20 

0 

0.2 

25 

10 m 

250 




0.5 

10 

50 m 


654 

MD985 

CA 

0.575 A 

30 

0 

0.5 

40 

150 m 

200 

8.0 



0.5 

10 

150 m 


654 

MD986 

CA 

0.55 A 

15 

0 

0.2 

25 

10 m 

200 

4.0 



0.5 

10 

50 m 


654 

MD1121 

NM 

0.575 A 

30 

0 

0.5 

50 

10 m 

200 

8.0 

0.9 

10 

0.1 

10 

10 m 


654 

MD1121F 

NM 

0.35 A 

30 

0 

0.5 

50 

10 m 

200 

8.0 

0.9 

10 

0.1 

10 

10 m 


654 

MD1122F 

NM 

0.35 A 

30 

0 

0.5 

50 

20 m 

200 

8.0 

0.9 

5.0 

0.1 

10 

10 m 


654 

MD1132 

NM 

0.3 A 

15 

0 

0.05 

50 

1.0 m 

600 

1.7 

0.9 

5.0 

0.4 

10 

10 m 


654 

MD2060F 

NM 

0.35 A 

60 

0 

0.5 

30 

0.1 m 

100 

15 

1 0.9 

5.0 

0.1 

8.0 

10 m 


61 OA 

MD1122 

NM 

0.575 A 

30 

0 

0.5 

50 

10 m 

250 

3.5 

0.8 

5.0 

0.1 

10 

10 m 


654 

MD1123 

NM 

0.575 A 

40 

0 

0.2 

50 

10 m 

250 

3.5 

0.8 

10 

0.18 

10 

0.1 m 


654 

MD1130 

NM 

0.575 A 

40 

0 

0.2 

100 

10 m 

200 

3.5 

0.9 

5.0 

0.18 

5 

1.0 m 


654 

MD3467 

NG 

0.6 A 

40 

0 

1.5 

20 

500 m 

150 

80 

40 

120 

0.5 

10 

500 m 


654 

MD4260 

NH 

0.55 A 

12 

0 

0.05 

30 

10 m 

1000 

2.5 

0.8 

10 

0.3 

10 

10 m 


654 

MD4261 

NH 

0.55 A 

12 

0 

0.05 

30 

10 m 

1000 

2.5 

0.8 

10 

0.3 

10 

10 m 


654 


Some columns show 2 different types of data indicated by either bold or italic typefaces. See key and headings. 
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MULTIPLE DEVICES (continued) 


Table 2. Bipolar Transistors — Duals (continued) 


TYPE NO. 

•d 

pd 

Watts 

One 

Die 

Only 

VcE- 

Volts 

‘c 

Amp 

Max 

hfEd 

Min 

^ic 

fr 

MHz 

Min 

Typ* 

Cob 

PF 

Max 

Typ* 

hpEI 

hFE2 

hn 

ns 

Max 

Typ* 

AVbe 

mV 

Max 

hff 

ns 

Max 

Typ* 

Gp 

dB 

Min 

'^CE 

(sat)(i 

Volts 

Max 

NFC 

dB 

Max 

Typ* 

ic 

® 

IB 

^ f 

'c 

PA( 

TO- 

No. 

:kage 

Case 

No. 

MD2218 

NG 

0.575 A 

CO 

o 

0 

0.5 

40 

150 m 

200 

8.0 

60 

350 

0.4 

10 

150 m 


654 

MD2218A 

NG 

0.575 A 

30 

0 

0.5 

40 

150 m 

200 

8.0 

45 

310 

0.3 

10 

150 m 


654 

MD2218AF 

NG 

0.35 A 

30 

0 

0.5 

40 

150 m 

200 

8.0 

45 

310 

0.3 

10 

150 m 


61 OA 

MD2219 

NG 

0.575 A 

30 

0 

0.5 

50 

150 m 

200 

8.0 

— 

— 

0.35 

10 

300 m 


654 

MD2219A 

NG 

0.575 A 

30 

0 

0.5 

100 

150 m 

200 

8.0 

45 

310 

0.3 

10 

150 m 


654 

MD2219AF 

NG 

0.35 A 

30 

0 

0.5 

100 

150 m 

200 

8.0 

45 

310 

0.3 

10 

150 m 


61 OA 

MD2369 

NS 

0.55 A 

15 

0 

0.5 

40 

10 m 

500 

4.0 

15 

20 

0.25 

10 

10 m 


654 

MD2369A 

NM 

0.55 A 

15 

0 

0.5 

40 

10 m 

500 

4.0 

0.9 

5.0 

0.25 

10 

10 m 


654 

MD2369AF 

NM 

0.35 A 

15 

0 

0.5 

40 

10 m 

500 

4.0 

0.9 

5.0 

0.25 

10 

10 m 


61 OA 

MD2369B 

NM 

0.55 A 

15 

0 

0.5 

40 

10 m 

500 

4.0 

0.8 

10 

0.25 

10 

10 m 


654 

MD2369BF 

NM 

0.35 A 

15 

0 

0.5 

40 

10 m 

500 

4.0 

0.8 

10 

0.25 

10 

10 m 


61 OA 

MD2904 

PG 

0.575 A 

40 

0 

0.6 

40 

150 m 

200 

8.0 

45 

130 

0.4 

10 

150 m 


654 

MD2904A 

PG 

0.575 A 

60 

0 

0.6 

40 

150 m 

200 

8.0 

45 

130 

0.4 

10 

150 m 


654 

MD2904AF 

PG 

0.35 A 

60 

0 

0.6 

40 

150 m 

200 

8.0 

45 

130 

0.4 

10 

150 m 


61 OA 

MD2905 

PG 

0.575 A 

40 

0 

0.6 

100 

150 m 

200 

8.0 

45 

130 

0.4 

10 

150 m 


654 

l\/lD2905A 

PG 

0.575 A 

60 

0 

0.6 

100 

150 m 

200 

8.0 

45 

130 

0.4 

10 

150 m 


654 

MD2905AF 

PG 

0.35 A 

60 

o 

0.6 

100 

150 m 

200 

8.0 

45 

130 

0.4 

10 

150 m 


61 OA 

MD3250 

PA 

0.575 A 

40 

0 

0.2 

50 

1.0 m 

200 

6.0 



0.25 

10 

10 m 


654 

MD3250A 

PM 

0.575 A 

40 

0 

0.2 

50 

1.0 m 

200 

6.0 

0.9 

5.0 

0.25 

10 

10 m 


654 

MD3250AF 

PM 

0.35 A 

40 

o 

0.2 

50 

1.0 m 

200 

6.0 

0.9 

5.0 

0.25 

10 

10 m 


61 OA 

MD3251 

PA 

0.575 A 

40 

0 

0.2 

100 

1.0 m 

250 

6.0 



0.25 

10 

10 m 


654 

MD3251A 

PM 

0.575 A 

40 

0 

0.2 

100 

1.0 m 

250 

6.0 

0.9 

5.0 

0.25 

10 

10 m 


654 

MD3251AF 

PM 

0.35 A 

40 

0 

0.2 

100 

1.0 m 

250 

6.0 

0.9 

5.0 

0.25 

10 

10 m 


61 OA 

MD3409 

NM 

0.575 A 

30 

0 

0.5 

50 

10 m 

200 

8.0 

0.8 

10 

0.15 

10 

10 m 


654 

MD3410 

NM 

0.575 A 

30 

0 

0.5 

50 

10 m 

200 

8.0 

0.9 

10 

0.15 

10 

10 m 


654 

MD3725 

NS 

0.6 A 

40 

0 

1.0 

50 

100 m 

200 

10 

45 

75 

0.26 

10 

100 m 


654 

MD3725F 

NS 

0.35 A 

40 

0 

1.0 

50 

100 m 

200 

10 

45 

75 

0.26 

10 

100 m 


61 OA 

MD3762 

PS 

0.6 A 

40 

0 

1.5 

20 

1.0 A 

150 

20 

40 

110 

1.0 

10 

1.0 A 


654 

MD3762F 

PS 

0.35 A 

40 

0 

1.5 

20 

1.0 A 

150 

20 

40 

110 

1.0 

10 

1.0 A 


61 OA 

MD5000 

PH 

0.3 A 

15 

0 

0.05 

20 

3.0 m 

600 

1.7 



15 


200 M 


654 

MD5000A 

PM 

0.3 A 

15 

0 

0.05 

20 

3.0 m 

600 

1.7 

0.9 

5.0 

15 


200 M 


654 

MD5000B 

PM 

0.3 A 

15 

0 

0.05 

20 

3.0 m 

600 

1.7 

0.8 

10 

15 


200 M 


654 

MD6001 

CG 

0.575 A 

30 

0 

0.5 

40 

150 m 

200 

8.0 

60 

350 

0.4 

10 

150 m 


654 

MD6001 F 

CG 

0.35 A 

30 

0 

0.5 

40 

150 m 

200 

8.0 

60 

350 

0.4 

10 

150 m 


61 OA 

MD6002 

CG 

0.575 A 

30 

0 

0.5 

100 

150 m 

200 

8.0 

60 

350 

0.4 

10 

150 m 


654 

MD6002F 

CG 

0.35 A 

30 

0 

0.5 

100 

150 m 

200 

8.0 

60 

350 

0.4 

10 

150 m 


61 OA 

MD6003 

CG 

0.575 A 

30 

0 

0.5 

20 

150 m 

200 

— 



0.59 

10 

300 m 


654 

MD6100 

CA 

0.5 A 

45 

0 

0.05 

100 

0.1 m 

30 

4.0 



0.25 

10 

1.0 m 


654 

MD6100F 

CA 

I 0.35 A 

45 

0 

0.05 

100 

0.1 m 

30 

4.0 



0.25 

10 

10 m 


61 OA 

MD7000 

NA 

0.575 A 

30 

0 

0.5 

70 

150 m 

200 

8.0 



0.4 

10 

150 m 


654 

MD7001 

PA 

0.6 A 

30 

0 

0.6 

70 

150 m 

200 

8.0 



0.4 

10 

150 m 


654 

MD7001 F 

PA 

0.35 A 

30 

0 

0.6 

70 

150 m 

200 

8.0 



0.4 

10 

150 m 


61 OA 

MD7002 

NA 

0.575 A 

40 

0 

0.03 

40 

100 u 

200 

6.0 



0.35 

10 

10 m 


654 

MD7002A 

NM 

0.575 A 

40 

0 

0.03 

40 

100 u 

200 

6.0 

0.75 

25 

0.35 

10 

10 m 


654 

MD7002B 

NM 

0.575 A 

40 

0 

0.03 

40 

100 u 

200 

6.0 

0.85 

15 

0.35 

10 

10 m 


654 

MD7003 

NA 

0.55 A 

40 

0 

0.05 

50 

10 m 

200 

6.0 



0.35 

10 

1.0 m 


654 

MD7003A 

NM 

0.55 A 

40 

0 

0.05 

50 

10 m 

200 

6.0 

0.75 

25 

0.35 

10 

1.0 m 


654 

MD7003B 

NM 

0.55 A 

40 

0 

0.05 

50 

10 m 

200 

6.0 

0.85 

15 

0.35 

10 

1.0 m 


654 


Some columns show 2 different types of data indicated by either bold or italic typefaces. See key and headings. 
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Table 2. Bipolar Transistors — Duals (continued) 


TYPE NO. 

Id 

pd 

Watts 

One 

Die 

Only 

VcE- 

Volts 

'c 

Amp 

Max 

Min 

®ic 

MHz 

Min 

Typ* 

Cob 

PF 

Max 

Typ* 

hFEI 

hFE2 

fon 

ns 

Max 

Typ* 

AVbe 

mV 

Max 

toff 

ns 

Max 

Typ* 

Gp 

dB 

Min 

(sat) a 
Volts 
Max 

NF 

dB 

Max 

Typ* 

ic 

^ 

Ib 

t f 

Ic 

PAC 

TO- 

No. 

:kage 

Case 

No. 

MD7004 

NA 

0.55 A 

13 

0 

0.2 

30 

10 m 

675‘ 

4.0 



0.4 

10 

10 m 


654 

MD7005 

PA 

0.55 A 

12 

0 

0.05 

30 

3.0 m 

650 

3.0 



0.4 

10 

10 m 


654 

MD7007 

PA 

0.575 A 

40 

0 

0.2 

30 

1.0 m 

300 

8.0 



1.0 

10 

50 m 


654 

MD7007A 

PM 

0.575 A 

50 

0 

0.2 

30 

1.0 m 

300 

8.0 

0.75 

20 

1.0 

10 

50 m 


654 

MD7007B 

PM 

0.575 A 

60 

0 

0.2 

30 

1.0 m 

300 

8.0 

0.85 

10 

1.0 

10 

50 m 


654 

MD7007BF 

PM 

0.35 A 

40 

0 

0.2 

30 

1.0 m 

300 

8.0 

0.85 

10 

1.0 

10 

50 m 


61 OA 

MD7021 

CG 

0.55 A 

40 

0 

0.05 

50 

10 m 

200 

6.0 

28* 

72* 

0.35 

10 

10 m 


654 

MD7021F 

CG 

0.35 A 

40 

0 

0.05 

50 

10 m 

200 

6.0 

28* 

72* 

0.35 

10 

10 m 


61 OA 

MD8001 

NM 

0.575 A 

40 

0 

0.03 

100 

1.0 m 

260* 

2.6* 


15 





654 

MD8002 

NM 

0.575 A 

40 

0 

0.03 

100 

1.0 m 

260* 

2.6* 


15 





654 

MD8003 

NM 

0.575 A 

40 

0 

0.03 

100 

1.0 m 

260* 

2.6* 


15 





654 

2N2060 

NM 

0.5 A 

60 


0.5 

30 

100 u 

60 

15 

0.9 

5.0 


8.0 

1000 H 

78 

654 

2N2223 

NM 

0.5 A 

60 

0 

0.5 

25 

100 u 

50 

15 

0.8 

15 

1.2 

10 

50 m 

78 

654 

2N2223A 

NM 

0.5 A 

60 

0 

0.5 

25 

100 u 

50 

15 

0.9 

5.0 

1.2 

10 

50 m 

78 

654 

2N2453 

NM 

0.5 A 

30 

0 

0.05 

80 

10 u 

60 

8.0 

0.9 

3.0 


7.0 

1000 H 

78 

654 

2N2453A 

NM 

0.5 A 

50 

0 

0.05 

80 

10 u 

60 

8.0 

0.9 

3.0 


4.0 

1000 H 

78 

654 

2N2480A 

NM 

0.3 A 

40 

0 

0.5 

50 

1.0 m 

50 

18 

0.8 

5.0 

1.3 

10 

50 m 

78 

654 

2N2639 

NM 

0.3 A 

45 

0 

0.03 

50 

10 u 

80 

8.0 

0.9 

5.0 


4.0 

AUD 

78 

654 

2N2640 

NM 

0.3 A 

45 

0 

0.03 

50 

10 u 

80 

8.0 

0.8 

10 


4.0 

AUD 

78 

654 

2N2641 

NE 

0.3 A 

45 

0 

0.03 

50 

10 u 

80 

8.0 




4.0 

AUD 

78 

654 

2N2642 

NM 

0.3 A 

45 

0 

0.03 

100 

10 u 

80 

8.0 

0.9 

5.0 


4.0 

AUD 

78 

654 

2N2643 

NM 

0.3 A 

45 

o 

0.03 

100 

10 u 

80 

8.0 

0.8 

10 


4.0 

AUD 

78 

654 

2N2644 

NE 

0.3 A 

45 

0 

0.03 

100 

10 u 

80 

8.0 




4.0 

AUD 

78 

654 

2N2652 

NM 

0.3 A 

60 

0 

0.5 

50 

1.0 m 

60 

15 

0.85 

3.0 

1.2 

10 

50 m 

78 

654 

2N2652A 

NM 

0.3 A 

60 

0 

0.5 

50 

1.0 m 

60 

15 

0.9 

3.0 


8.0 

1000 H 

78 

654 

2N2721 

NM 

0.3 A 

60 

0 

0.04 

30 

0.1 m 

80 

6.0 

0.8 

10 

1.0 

10 

10 m 

78 

654 

2N2722 

NM 

0.3 A 

45 

0 

0.04 

50 

1.0 u 

100 

6.0 

0.9 

5.0 

1.0 

20 

10 m 

78 

654 

2N2903 

NM 

0.6 C 

30 

0 

0.05 

125 

1.0 m 

60 

8.0 

0.8 

10 


7.0 

1000 H 

78 

654 

2N2913 

NE 

0.3 A 

45 

0 

0.03 

60 

10 u 

60 

6.0 




4.0 

AUD 


654 

2N2914 

NE 

0.3 A 

45 

0 

0.03 

150 

10 u 

60 

6.0 




3.0 

AUD 


654 

2N2915 

NM 

0.3 A 

45 

0 

0.03 

60 

10 u 

60 

6.0 

0.9 

5.0 


4.0 

AUD 


654 

2N2916 

NM 

0.3 A 

45 

0 

0.03 

150 

10 u 

60 

6.0 

0.9 

5.0 


3.0 

AUD 


654 

2N2917 

NM 

0.3 A 

45 

0 

0.03 

60 

10 u 

60 

6.0 

0.8 

10 


4.0 

AUD 


654 

2N2918 

NM 

0.3 A 

45 

0 

0.03 

150 

10 u 

60 

6.0 

0.8 

10 


3.0 

AUD 


654 

2N2919 

NM 

0.3 A 

60 

0 

0.03 

60 

10 u 

60 

6.0 

0.9 

5.0 


4.0 

AUD 


654 

2N2920 

NM 

0.3 A 

60 

0 

0.03 

150 

10 u 

60 

6.0 

0.9 

5.0 


3.0 

AUD 


654 

2N4854 

CG 

0.3 A 

40 

0 

0.6 

35 

0.3 m 

200 

— 

— 

— 

— 

8.0 

100 u 


654 

2N4855 

CG 

0.3 A 

40 

0 

0.6 

20 

0.3 m 

200 

— 

— 

— 

— 

8.0 

100 u 


654 

2N3043 

NM 

0.25 A 

45 

0 

0.03 

100 

10 u 

30 

8.0 

0.9 

5.0 


5.0 

AUD 


61 OA 

2N3044 

NM 

0.25 A 

45 

0 

0.03 

100 

10 u 

30 

8.0 

0.8 

10 


5.0 

AUD 


61 OA 

2N3045 

NE 

0.25 A 

45 

0 

0.03 

100 

10 u 

30 

8.0 




5.0 

AUD 


61 OA 

2N3048 

NE 

0.25 A 

45 

0 

0.03 

50 

10 u 

30 

8.0 




5.0 

AUD 


61 OA 

2N3425 

NA 

0.3 

15 


0.05 

30 

10 m 

300 

6.0 







654 

2N3726 

PE 

0.4 A 

45 

0 

0.3 

135 

1.0 m 

200 

8.0 

0.9 

5.0 


4.0 

1000 H 


654 

2N3727 

PE 

0.4 A 

45 

0 

0.3 

135 

1 .0 m 

200 

8.0 

0.9 

2.5 


4.0 

1000 H 


654 

2N3806 

PE 

0.5 A 

60 

0 

0.05 

150 

0.1 m 

100 

4.0 




7.0 

100 H 


654 

2N3807 

PE 

0.5 A 

60 

0 

0.05 

300 

0.1 m 

100 

4.0 




4.0 

100 H 


654 

2N3808 

PM 

0.5 A 

60 

0 

0.05 

150 

0.1 m 

100 

4.0 

0.8 

5.0 


7.0 

100 H 


654 

2N3809 

PM 

0.5 A 

60 

0 

0.05 

300 

0.1 m 

100 

4.0 

0.8 

5.0 


4.0 

100 H 


654 

2N3810 

PM 

0.5 A 

60 

0 

0.05 

i 150 

0.1 m 

100 

4.0 

0.9 

3.0 


7.0 

100 H 


654 

2N3810A 

PM 

0.5 A 

60 

0 

0.05 

150 

0.1 m 

100 

4.0 

0.95 

1.5 


3.0 

100 H 


654 

2N381 1 

PM 

0.5 A 

60 

0 

0.05 

1 300 

0.1 m 

100 

4.0 

0.9 

3.0 


4.0 

100 H 


654 

2N3811A 

PM 

0.5 A 

60 

0 

0.05 

300 

0.1 m 

100 

4.0 

0.95 

1.5 


1.5 

100 H 


654 


Some columns show 2 different types of data indicated by either bold or italic typefaces. See key and headings. 
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MULTIPLE DEVICES (continued) 


Table 2. Bipolar Transistors — Duals (continued) 


TYPE NO. 

•d 

pd 

Watts 

One 

Die 

Only 

VCE- 

Volts 

Ic 

Amp 

Max 



fj 

MHz 

Min 

Typ* 

Cob 

PF 

Max 

Typ* 

hPEI 

AVbe 

mV 

Max 

hff 

ns 

Max 

Typ* 

Gp 

dB 

NF ( 
dB 

l) f 

Ic 



hFE<^ 

Min 

) Ic 

hFE2 

hn 

ns 

Max 

Typ* 

Min 

VCE 

(sat)^ 

Volts 

Max 

Max 

Typ* 

Ic 

i 

Ib 

PA< 

TO- 

No. 

:kage 

Case 

No. 

2N3817 

PM 

0.5 A 

60 

0 

0.05 

300 

0.1 m 

100 

4.0 

0.9 

3.0 


4.0 

100 H 


61 OA 

2N3838 

CE 

0.25 A 

40 

0 

0.6 

100 

150 m 

200 

8.0 

50 

340 


8.0 

1000 H 


61 OA 

2N4015 

PM 

0.4 A 

60 

0 

0.3 

135 

1.0 m 

200 

8.0 

0.9 

5.0 


4.0 

1000 H 


654 

2N4016 

PM 

0.4 A 

60 

0 

0.3 

135 

1.0 m 

200 

8.0 

0.9 

2.5 


4.0 

1000 H 


654 

2N4854 

CE 

0.3 A 

40 

0 

0.6 

100 

150 m 

200 

8.0 

60 

350 


8.0 

1000 H 


654 

2N4855 

CE 

0.3 A 

40 

0 

0.6 

40 

150 m 

200 

8.0 

60 

350 


8.0 

1000 H 


654 

2N4937 

PM 

0.6 A 

40 

0 

0.05 

50 

1.0 m 

300 

5.0 

0.9 

3.0 


4.0 

AUD 


654 

2N4938 

PM 

0.6 A 

40 

0 

0.05 

50 

1.0 m 

300 

5.0 

0.8 

5.0 


4.0 

AUD 


654 

2N4939 

PE 

0.6 A 

40 

0 

0.05 

50 

1.0 m 

300 

5.0 




40 

AUD 


654 

2N4941 

PM 

0.6 A 

40 

0 

0.05 

50 

1.0 m 

300 

5.0 

0.9 

3.0 


4.0 

AUD 


61 OA 

2N5793 

NG 

0.5 A 

40 

0 

0.6 

40 

150 m 

200 

8.0 

45 

310 

0.3 

10 

150 m 


654 

2N5794 

NG 

0.5 A 

40 

0 

0.6 

100 

150 m 

200 

8.0 

45 

310 

0.3 

10 

150 m 


654 

2N5795 

NG 

0.5 A 

60 

0 

0.6 

40 

150 m 

200 

8.0 

47 

140 

0.4 

io\ 

150 m 


654 

2N5796 

NG 

0.5 A 

60 

0 

0.6 

100 

150 m 

200 

8.0 

47 

140 

0.4 

10 

150 m 


654 


Some columns show 2 different types of data indicated by either bold or italic typefaces. See key and headings. 


Surface Mount Multiples 


Table 3. Bipolar Quad Transistors — SO-16 


Device 

V(BR)CEO 

V(BR)CBO 

hFE 

fT 

Package 

Min 

@ Ic fTiA 

MHz Min 

@ Ic (mA) 

MMPQ2222 

40 

60 

30 

300 

350* 

20 

751 B 

MMPQ2222A 

40 

75 

40 

500 

350* 

20 

751 B 

MMPQ2369 

15 

40 

20 

100 

450 

10 

751 B 

MMPQ2907 

40 

40 

30 

300 

350* 

50 

751 B 

MMPQ2907A 

50 

60 

50 

500 

350* 

50 

751 B 

MMPQ3467 

40 

40 

20 

500 

125 

50 

751 B 

MMPQ3725 

40 

60 

25 

500 

250 

50 

751 B 

MMPQ3725A 

50 

70 

30 

500 

200 

50 

751 B 

MMPQ3762 

40 

40 

20 

1000 

150 

50 

751 B 


*Typ 


Table 4. TMOS FETs — Quads 


N-CHANNEL IMPS QUAD — CASE 646-06 (14-PIN DIP) 



I'DSfon) 

VGS(th) 

V(BR)DSS 

Ciss 

Grss 

*on 

toff 



@ 

V 







a 

Id 



V 

pF 

pF 

ns 

ns 

Device 

Max 

A 

Min 

Max 

Min 

Max 

Max 

Max 

Max 

MFQ930P 

1.4 

1.0 

1.0 

3.5 

35 

70 

18 

15 

15 

MFQ960P 

1.7 

1.0 

1.0 

3.5 

60 

70 

18 

15 

15 


N-CHANNEL TMOS QUAD — CASE 648-06 (16-PIN DIP) 


1 

''DS(on) 

@ 

V(BR)DSS 

Volt 

iD(on) 

Vqs = 10 V 

Gfs 

@ 

Ciss 
@25 V 

Goss 
@ 25 V 

Crss 
@25 V 

td(on) 

tr 

td(off) 

tf 


a 



Vds = 5.0 V 

mhos 

5.0 V 

pF 

pF 

pF 

ns 

ns 

ns 

ns 

Device 

Max 

mA 

Min 

Amp 

Min 

Amp 

Max 

Max 

Max 

Max 

Max 

Max 

Max 

IRFE110 

0.6 

800 

100 

1.0 

0.8 

0.8 

200 

100 

25 

20 

25 

25 

20 

IRFE113 

0.8 

800 

60 

0.8 

0.8 

0.8 

200 

100 

25 

20 

^5 

25 

20 


P-CHANNEL TMOS QUAD — CASE 648-06 (16-PIN DIP) 


IRFE9120 

0.8 

800 

100 

1.0 

1 0.8 

0.8 

450 

350 

100 

50 

100 

100 

100 

IRFE9123 

0.6 

800 

60 

0.8 

1 0.8 

0.8 

450 

350 

100 

50 

100 

100 

100 
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Multiple Switching Diodes 


Multiple diode configurations utilize monolithic structures fabricated by the planar process. They are designed to satisfy fast 
switching requirements as in core driver and encoding/decoding applications where their monolithic configurations offer lower 
cost, higher reliability and space savings. 


Diode Array Diagrams 





CERAMIC CERAMIC PLASTIC PLASTIC 



PLASTIC PLASTIC 
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MULTIPLE DEVICES (continued) 


Table 5. Diode Arrays 




Pin Connections 

Device 

Function 

Package 

Diagram No. 

MAD130C 

Dual 1 0 Diode Array 

632-02 

1 

MAD130P 

Dual 1 0 Diode Array 

646-06 

1 

MMAD130 

Dual 10 Diode Array 

751A-02 

2 

MAD1103C 

1 6 Diode Array 

632-02 

3 

MAD1103F 

1 6 Diode Array 

606-04 

4 

MAD1103P 

1 6 Diode Array 

646-06 

3 

MMAD1103 

1 6 Diode Array 

751A-02 

3 

MAD1104C 

Dual 8 Diode Array 

632-02 

5 

MAD1104F 

Dual 8 Diode Array 

607-04 

5 

MAD1104P 

Dual 8 Diode Array 

646-06 

5 

MMAD1104 

Dual 8 Diode Array 

751A-02 

5 

MAD1105C 

8 Diode Common Cathode Array 

632-02 

6 

MAD1105F 

8 Diode Common Cathode Array 

606-04 

7 

MAD1105P 

8 Diode Common Cathode Array 

646-06 

6 

MMAD1105 

8 Diode Common Cathode Array 

751A-02 

6 

MAD1106C 

8 Diode Common Anode Array 

632-02 

8 

MAD1106F 

8 Diode Common Anode Array 

606-04 

9 

MAD1106P 

8 Diode Common Anode Array 

646-06 

8 

MMAD1106 

8 Diode Common Anode Array 

751A-02 

8 

MAD1107C 

Dual 8 Diode Array 

632-02 

10 

MAD1107F 

Dual 8 Diode Array 

607-04 

10 

MAD1107P 

Dual 8 Diode Array 

646-06 

10 

MMAD1107 

Dual 8 Diode Array 

751A-02 

10 

MAD1108C 

8 Isolated Diode Array 

620-02 

11 

MAD1108F 

8 Isolated Diode Array 

650-02 

11 

MAD1108P 

8 Isolated Diode Array 

648-06 

11 

MMAD1108 

8 Isolated Diode Array 

751B-03 

11 

IVIAD1109C 

7 Isolated Diode Array 

632-02 

12 

MAD1109F 

7 Isolated Diode Array 

607-04 

12 

MAD1109P 

7 Isolated Diode Array 

646-06 

12 

MMAD1109 

7 Isolated Diode Array 

751A-02 

12 

MMAD1185 

7 Diode Common Cathode Array 

751A-02 

13 


Table 6. Dual Diodes 


Device 

V(BB) 
Volts @ 
Min 

l(BR) 

mA 

Ir 

Max 

^ Vr 
V olts 

Vf 

Volts @ 
Min/Max 

If 

mA 

c 

@ Vr = 0 
pF (Max) 

trr 

ns 

Max 

Package 

Diagram 

No. 

MSD6100 

100 

100 

100 

50 

0.67/0.82 

10 

1.5 

4.0 

TO-226AA 

14 

MSD6101 

50 

100 

100 

40 

0.67/0.82 

10 

2.0 

10 

(TO-92) 

14 

MSD6102 

70 

100 

100 

50 

0.67/1 .0 

10 

3.0 

100 


14 

MSD6150 

70 

100 

100 

50 

-/1.0 

10 

8.0 

100 


14 
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Devices for Hi-Rel and Military Applications 


JAN, JANTX, JANTXV, and JANS 


Motorola offers over 650 devices listed in QPL-19500, and is certified to supply small-signal bipolar devices to ALL FOUR 
quality levels of MIL-S-19500. 

The following tables list the Motorola discrete devices and slash-sheet number as they appear on the Qualified Products 
List. 

Table 1. Switching and High-Frequency Transistors (MIL-S-19500) 


2N703 JAN /1 53 

2N706 JAN /120 

2N708 JAN.JTX /312 

2N718A JAN,JTX,JTXV /181 

2N869A JAN.JTX /283 

2N914 JAN.JTX /373 

2N916 JAN /271 

2N918 JAN, JTX.JTXV, JANS /301 

2N930 JAN.JTX /253 

2N1132 JAN /177 

2N1613 JAN.JTX.JTXV /181 

2N2218 JAN.JTX.JTXV /251 

2N2218A JAN.JTX.JTXV /251 

2N2219 JAN.JTX.JTXV /251 

2N2219A JAN.JTX.JTXV /251 

2N22219AL JANS / 

2N2221 JAN.JTX.JTXV /255 

2N2221 A JAN.JTX.JTXV /255 

2N2222 JAN.JTX.JTXV /255 

2N2222A JAN.JTX.JTXV, JANS .... /225 
2N2369A JAN.JTX.JTXV, JANS . . . . /317 

2N2481 JAN.JTX /268 

2N2904 JAN.JTX.JTXV /290 

2N2904A JAN.JTX.JTXV / 


2N2905 JAN.JTX.JTXV /290 

2N2905A JAN.JTX.JTXV /290 

2N2905AL JANS / 

2N2906 JAN.JTX.JTXV /291 

2N2906A JAN.JTX.JTXV /291 

2N2907 JAN.JTX.JTXV /291 

2N2907A JAN.JTX.JTXV.JANS . . . . /291 

2N2944A JAN.JTX.JTXV / 

2N2945A JAN.JTX.JTXV / 

2N2946A JAN.JTX.JTXV / 

2N3013 JAN.JTX /287 

2N3019,S JAN.JTX, JTSV /391 

2N3250A JAN.JTX.JTXV /323 

2N3251A JAN.JTX.JTXV /323 

2N3253 JAN /347 

2N3444 JAN.JTX /347 

2N3467 JAN.JTX.JTXV /348 

2N3468 JAN.JTX.JTXV /348 

2N3485A JAN.JTX /392 

2N3486A JAN.JTX /392 

2N3498 JAN.JTX.JTXV /366 

2N3499 JAN.JTX.JTXV /366 

2N3500 JAN.JTX.JTXV /366 

2N3501 JAN.JTX.JTXV /366 


2N3506 JAN.JTX.JTXV /349 

2N3507 JAN.JTX.JTXV /349 

2N3634 JAN.JTX.JTXV /357 

2N3635 JAN.JTX.JTXV /357 

2N3636 JAN.JTX.JTXV /357 

2N3637 JAN.JTX.JTXV /357 

2N3700 JAN.JTX.JTXV /391 

2N3735 JAN.JTX.JTXV /395 

2N3737 JAN.JTX.JTXV /395 

2N3743 JAN.JTX.JTXV /397 

2N3762 JAN.JTX.JTXV /396 

2N3763 JAN.JTX.JTXV /396 

2N3764 JAN.JTX.JTXV /396 

2N3765 JAN.JTX.JTXV /396 

2N4033 JAN.JTX.JTXV /511 

2N4261 JAN.JTX.JTXV /511 

2N4405 JAN.JTX.JTXV /488 

2N4449 JAN.JTX.JTXV /317 

2N4453 JAN.JTX /283 

2N4930 JAN.JTX.JTXV /397 

2N4931 JAN.JTX.JTXV /397 

2N5581 JAN.JTX /423 

2N5582 JAN.JTX /423 


Table 2. Multiple Devices (MIL-S-19500) 


2N2060 JAN.JTX.JTXV 

. . . ./270 

2N3811 JAN.JTX.JTXV . . . . 

.... /336 

2N5794 JAN.JTX.JTXV 

.... /495 

2N2919 JAN.JTX.JTXV 

.... /355 

2N4854 JAN.JTX.JTXV . . . . 

.... /421 

2N5795 JAN.JTX.JTXV 

.... /496 

2N2920 JAN.JTX.JTXV 

.... /355 

2N5793 JAN.JTX.JTXV . . . . 

.... /495 

2N5796 JAN.JTX.JTXV 

.... /496 

2N3810 JAN.JTX.JTXV 

.... /336 






Table 3. Field-Effect Transistors (MIL-S-19500) 


2N2608 JAN /295 

2N2609 JAN /296 

2N3330 JAN.JTX /378 

2N3821 JAN.JTX.JTXV /375 

2N3822 JAN.JTX.JTXV /375 


2N3823 JAN.JTX.JTXV /375 

2N4856 JAN.JTX.JTXV /385 

2N4857 JAN.JTX.JTXV /385 

2N4858 JAN.JTX.JTXV /385 

2N4859 JAN.JTX.JTXV /385 


2N4860 JAN.JTX.JTXV /385 

2N4861 JAN.JTX.JTXV /385 

2N4091 JAN.JTX.JTXV /431 

2N4092 JAN.JTX.JTXV /431 

2N4093 JAN.JTX.JTXV /431 


CECC 


All CECC types are available to assessment levels E, F, L 

Table 4. Qualified Types 


2N1613 

2N2219 

2N2222A 

2N3019 

2N2906 

2N3439 

2N5416 

2N1711 

2N2219A 

2N2368 

2N2904 

2N2906A 

2N3440 

BC1 07-108-109 

2N1893 

2N2221 

2N2369 

2N2904A 

2N2907 

2N3501 

CV9507 

2N2218 

2N2221A 

2N2369A 

2N2905 

2N2907A 

2N4033 

P07726 

2N2218A 

2N2222 

2N2484 

2N2905A 

2N2894 

2N5415 



Qualified products to CECC 50,000 
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Tuning and 
Switching Diodes 

Tuning Diodes — A wide range of voltage-variable capac- switching and mixer applications, 

itance diodes for electronic tuning and control of RF circuits PIN Diodes — Particularly useful for bandswitching and 

from HF through UHF. detector circuits in the VHF range. 

Hot Carrier Diodes — For high-efficiency VHF and UHF 


1 


Tuning Diodes — Abrupt Junction 


Table 1 . General-Purpose Glass 


Motorola supplies voltage-variable capacitance diodes 
serving the entire range of frequencies from HF through UHF. 
Used in RF receivers and transmitters, they have a variety 
of applications, including: 

• Phase-locked loop tuning systems 

• Local oscillator tuning 

• Tuned RF preselectors 

• RF filters 

• RF phase shifters 

• RF amplifiers 

• Automatic frequency control 

• Video filters and delay lines 

• Harmonic Generators 

• FM modulators 

Two families of devices are available: Abrupt Junction and 
Hyper Abrupt Junction. The Abrupt Junction family includes 
devices suitable for virtually all tuned-circuit and narrow- 
range tuning applications throughout the spectrum. The 
Hyper Abrupt family exhibits higher capacitance, and a much 
larger capacitance ratio. It is particularly well suited for wider- 
range applications such as AM/FM radio and TV tuning. 


/2 

/ 1 

CASE 51-02 

DO-204AA 

{DO-7) 

• High Q 

• Capacitance TOL 

1 0% — No Suffix 

5% — Suffix A 


60 Volts I 

Cap 

Ratio 

C4/C60 

Min 

Q 

@ 4 V 
50 MHz 
Min 

Device 

Type 

Ct 

Nominal 

Capacitance 

pF 

±10% 

@ 

Vr = 4V 
f = 1 MHz 

i 

6.8 

2.7 

350 

1N5139,A 

8.2 




10 

2.8 

300 

1N514d,A 

12 

2.8 

300 

1N5141,A 

15 

2.8 

250 

1N5142,A 

18 

2.8 

250 

1N5143,A 

20 




22 

3.2 

200 

1N5144,A 

27 

3.2 

200 

1N5145,A 

33 

3.2 

200 

1N5146,A 

39 

3.2 

200 

1N5147,A 

47 

3.2 

200 

1N5148,A 

56 




68 




82 




100 
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TYPICAL CHARACTERISTICS 

Diode Capacitance versus Reverse Voltage 



0.6 1 2 4 6 10 20 40 60 

Vr, reverse voltage (VOLTS) 



0.1 1 10 100 

Vr, reverse VOLTAGE (VOLTS) 


• Premium 30 V 

• Very High Q 

• Guaranteed High CR 

• Capacitance TOL 

10% - A, 5% - B, 2% - C 

• High Q 

• Controlled CR 

• Capacitance TOL 

10% - A, 5% - B, 2% - C 

• General-Purpose 

/2 

/ 2 — \\ 4 — 1 
/ 1 

CASE 51-02 

DO-204AA 

(DO-7) 

IVIaximum Working Voltage 

Maximum Working Voltage 

30 Volts 

20 Volts 

Cap 

Ratio 

C2/C30 

Min 

Q 

fa 4 V 
50 MHz 
Min 

Device 

Type 

Cap 

Ratio 

C2/C30 

Min 

Q 

(a 4 V 
50 MHz 
Min 

Device 

Type 

Cap 

Ratio 

C2/C20 

Min 

Q 

@ 4 V 
50 MHz 
Min 

Device 

Type 

2.7 

600 

1N5461A 

2.5 

450 

1N5441A 

2 

300 

MV1620 

Ct 

Nominal 

PF 

±10% 

@ 

Vr = 4V 
f = 1 MHz 

1 

6.8 

2.8 

600 

1 N5462A 

25 

450 

1 N5442A 

2 

300 

MV1622 

8.2 

2.8 

550 

1 N5463A 

2.6 

400 

1N5443A 

2 

300 

MV1624 

10 

28 

550 

1 N5464A 

26 

400 

1 N5444A 

2 

300 

MV1626 

12 

2.8 

550 

1 N5465A 

2.6 

450 

1N5445A 

2 

250 

MV1628 

15 

2.9 

500 

1 N5466A 

2.6 

350 

1 N5446A 

2 

250 

MV1630 

18 

2.9 

500 

1 N5467A 

2.6 

350 

1N5447A 

2 

250 

MV1632 

20 

2,9 

500 

1 N5468A 

2.6 

350 

1 N5448A 

2 

250 

MV1634 

22 

2.9 

500 

1 N 5469 A 

2.6 

350 

1N5449A 

2 

200 

MV1636 

27 

2.9 

500 

1 N5470A 

2.6 

350 

1N5450A 

2 

200 

MV1638 

33 

2,9 

450 

1N5471A 

2.6 

300 

1N5451A 

2 

200 

MV1640 

39 

2.9 

400 

1 N5472A 

2.6 

250 

1 N5452A 

2 

200 

MV1642 

47 

2.9 

300 

1 N5473A 

2.6 

200 

1N5453A 

2 

150 

MV1644 

56 

2.9 

250 

1 N 5474 A 

2.7 

175 

1 N5454A 

2 

150 

MV1646 

68 

2.9 

225 

1 N5475A 

2.7 

175 

1N5455A 

2 

150 

MV1648 

82 

2,9 

200 

1 N5476A 

2.7 

175 

1N5456A 

2 

150 

MV1650 

100 
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TUNING DIODES — ABRUPT JUNCTION (continued) 


TYPICAL CHARACTERISTICS 


Diode Capacitance versus Reverse Voltage 



0.1 1 10 100 


Vr, reverse voltage (VOLTS! 


Table 2. General-Purpose Plastic 



CASE 318-03 

(TO-236AB) 
STYLE 8 

30 IH O 1 

Cathode Anode 




• Low-Cost 

• High Volume 

• Lower Cost 

• General-Purpose 

• Low-Cost 

• High Volume 

Maximum Working Voltage j 

30 Volts 1 25 Volts 

30 Volts 

CASE 182-02 

2-Lead TO-92 

CASE 318-02 

TO-236AA 

Cap 

Ratio 

C2/C30 

Min 

Q 

@4 V 
50 MHz 
Min 

Device 

Type 

Cap 

Ratio 

C1/C10 

Min 

Q 

@ 4 V 
50 MHz 
Min 

Device 

Type 

Cj ±20% 

Cap 

Ratio 

C2/C30 

Min 

Q 

@ 4 V 
50 MHz 
Typ 

Device 

Type 

Ct 

Nominal 

Capacitance 

PF 

±10% 

@ 

Vr = 4V 
f = 1 MHz 

6.8 

2.5 

450 

MV2101 

1.9 

300 

MV2201 

2.5 

400 

MMBV2101L 

8.2 

2.5 

450 

MV2102 




2.5 

350 

MMBV2102L 

10 

2.5 

400 

MV2103 

2 

200 

MV2203 

2.5 

350 

MMBV2103L 

12 

2.5 

400 

MV2104 




2.5 

350 

MMBV2104L 

15 

2.5 

400 

MV2105 

2 

200 

MV2205 

2.5 

350 

MMBV2105L 

18 

2.5 

350 

MV2106 




2.5 

300 

MMBV2106L 

22 

2.5 

350 

MV2107 

2 

160 

MV2207 

2.5 

300 

MMBV2107L 

27 

2.5 

300 

MV2108 




2.5 

250 

MMBV2108L 

33 

2.5 

200 

MV2109 

2 

150 

MV2209 

2.5 

200 

MMBV2109L 

39 

2.5 

150 

MV2110 







47 

2.5 

150 

. 

MV21 1 1 

2 

100 

MV2211 




56 

2.6 

150 

MV2112 







68 

2.6 

150 

MV2113 

2 

100 

. 

MV2213 




82 

2.6 

100 

IVIV2114 


.. 





100 

2.6 

100 

MV2115 

2 

50 

MV2215 
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Table 3. Dual Diodes 


1 o-WI ll^-^ 

o 


CASE 318-03 

(TO-236AB) 
STYLE 9 


Cj Capacitance 

Cap 

Ratio 

C3/C30 

Min 

Q 

@3 V 
50 MHz 
Min 

Device 

Type 

pF @ Vr 

Min 

Max 

Volts 

34 

39 

3 

2,6 

100 

MV104G(1) 

37 

42 

3 

2.5 

100 

MV104(1) 

43 

48.1 

2 


100 

MMBV432L(2) 


(1 ) Case 29 (2) Case 31 8 *C2/C8 



(TO-92) 
STYLE 15 


• High Q 

• Guaranteed Capacitance 
Range 

• Monolithic Dual 


Maximum Working Voltage 
32 Volts 



0.3 0.5 1 2 3 5 10 20 30 

Vr, reverse voltage (VOLTS) 
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Tuning Diodes Hyper-Abrupt Junction 


Table 4. For FM Radio and TV 




CASE 318 03 

(TO-236AB) 
STYLE 8 

3 O 1|4 O 1 

Cathode Anode 



• High Q 

• Guaranteed Capacitance 

Range 

Maximum Working Voltage 

30 Volts 

Cj Capacitance 

Cap 

Ratio 

C3/C25 

Min 

Q 

@3 V 
50 MHz 
Typ 

Device 

Type 

pF @ Vr 

Min 

Max 

Volts 

1.8 

2.8 

25 

4 

350 

MMBV105GL* 

20 

25 

3 

4.5 

300 

MMBV3102L* 

26 

32 

3 

5 

250 

MMBV109L* 

26 

32 

3 

5 

250 

MV209** 


*Case318 **Case 182 


TYPICAL CHARACTERISTICS 


Diode Capacitance versus Reverse Voltage 



1 2 3 5 10 20 30 

Vr, reverse voltage (VOLTS) 


Table 5. For AM Radio 


//CASE 182-02 

/ (TO-92) 

^2 STYLE 1 

• High Capacitance Ratio 

• Guaranteed Diode Capacitance 

• Close Matching 

Ct 

Q @ 1 Vdc, 1 MHz = 150 (Min) 

Vr = 1 V,f=1 MHz 

VbR{R) 

Min 

Vr 

Ratio @ „ " 

... Volts 

Mm 

Device 

Type 

pF 

Min 

Max 

440 

560 

12 

15 

1/8 

MVAM108 

400 

520 

15 

12 

1/9 

MVAM109 

440 

560 

18 

15 

1/15 

MVAM115 

440 

560 

28 

15 

1/25 

MVAM125 



2 6 10 14 18 22 26 

Vr, reverse VOLTAGE (VOLTS) 


Table 6. For High Capacitance and High Reliability Applications 


100% Screening to High Pel electrical and environmental 
specifications, H suffix. 

CASE 146-01 ^ 

DO-204AB / / Cathode 


/ / 

/ /CASE 51-02 
/ / DO-204AA 

1 / 1 (DO-7) 

• Hyper-Abrupt 

• High Tuning Ratio 

• High Rel — Suffix H 

Maximum Working Voltage 

12 Volts 

Ct, Nominal Capacitance 

Cap 

Ratio 

C2/C10 

Min 

Q 

@ 2 V 

1 MHz 
Min 

Device Type 

pF Vr 

@ 

Norn ± 20% Volts 

Case 51 

Case 146 

120 

2 

10 

200 

MV1404,H 


175 

2 

10 

200 

MV1403,H 


250 

2 

10 

200 

MV1405,H 


550* 

1 

14(1) 

200 


MV1401,H 


*±15% (1 )Cap Ratio (« Cl /C1 0 V 



0 1 2 3 4 5 6 7 8 9 10 


Vr, reverse VOLTAGE (VOLTS) 
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CASE 318-03 

(TO-236AB) 


Table 7. Hot-Carrier (Schottky) Diodes 



Hot-Carrier diodes are ideal for VHF and UHF mixer and 
detector applications as well as many higher frequency ap- 
plications. They provide stable electrical characteristics by 
eliminating the point-contact diode presently used in many 
applications. 



Cathode Anode 


STYLE 8 1 o 

►(- 

— O 3 

SINGLE 

STYLE 1 1 ^ 



SERIES 


3 



1 O— 

STYLE 19 



SERIES 


3 


TYPICAL CHARACTERISTICS 


V(BR)R 

Ct 

Vp 

IR 


IR = 10 /tiA 

f = 1 MHz 

Ip = 10 mA 


Device 

Volts 

PF Vr 

Volts 

nA Vr 

Type 

Min 

Max @ Volts 

Max 

Max @ Volts 



CASE 182, STYLE 1 


4 

1 

0 

0.6 

250 

3 

MBD101L 

20 

1.5 

15 

0.6 

200 

15 

MBD201L 

30 

1.5 

15 

0.6 

200 

25 

MBD301L 

50 

1 

20 

1.2 

200 

25 

MBD501L 

70 

1 

I 

20 

1.2 

200 

35 

MBD701L 


CASE 318, STYLE 8 


4 

1 

0 

0.6 

250 

3 

MMBD101L 

20 

1.5 

15 

0.6 

200 

15 

MMBD201L 

30 

1.5 

15 

0.6 

200 

25 

MIVIBD301L 

50 

1 

20 

1.2 

200 

25 

MMBD501L 

70 

1 

20 

1.2 

200 

35 

MMBD701L 


DUAL DIODES, CASE 318 


4 

1 

0 

0.6 

250 

3 

MMBD352L* 

4 

1 

0 

0.6 

250 

3 

MMBD353L** 


‘Style 11 “Style 19 


Capacitance versus Reverse Voltage 



Vr, reverse voltage (VOLTS) 

»EACH DIODE 



Table 8. PIN Switching Diodes 


. . . designed for VHF band switching and general-purpose 
switching. 


V(BR)R 

Ir = 10 fiMc 
Volts 

Min 

Rs 

Ip = 10 mAdc 
f = 100 MHz 
Ohms 

Max 

Ct 

Vr = 20 V 
f = 1 MHz 
pF Max 

Device 

Type 

CASE 182, STYLE 1 

20 

0.85 

2 

MPN3404 

200 

1 

1 

MPN3700 

CASE 318, STYLE 8 

35 

0.7 

1 

MMBV3401L 

200 

! 1 

1 

MMBV3700L 



0 12 18 24 30 36 42 48 54 


Vr, reverse VOLTAGE (VOLTS) 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


1-45 













Signal and Switching Diodes 


SOT-23 Surface Mount Diode Configurations 


3 

COMMON ANODE 

1 O — 14— J 14 o2 

3 

SERIES 


Table 9. General-Purpose Switching Diodes 


Device 

Marking 

V(BR)R 

•r 

Vf 

Ct 

trr 

Pin 

Out 

Min (V) 

@ Ibr (!^A) 

Max (mA) 

@ Vr (V) 

Min (V) 

Max (V) 

@ \ f (mA) 

Max (pF) 

Max (ns) 

Case 

Style 


SINGLES 


MIV1BD6050L 

5A 

70 

100 

0.1 

50 

0.85 


100 

2.5 

4.0 

8 

MMBD914L 

5D 

100 

100 

5.0 

75 


1.0 

10 

4.0 

4.0 

8 

BAS16L 

A6 

75 

100 

1.0 

75 


1.3 

100 

2.0 

4.0 

8 

BAL99L 

TF 

70 

10 

,i 

70 


1.1 

50 

1.5 

4.0 

18 


DUALS 


IVIBAV70L 

A4X 

70 

100 

5.0 

70 


1.1 

50 

1.5 

15 

9 

MBAW56L 

A1X 

70 

100 

2.5 

70 


1.1 

50 

1.5 

15 

12 

MBAV99L 

A7X 

70 

100 

2.5 

70 


1.1 

50 

1.5 

15 

11 

IVIBAV74 

JAX 

50 

5.0 

0.1 

50 


1.0 

100 

2.0 


9 

MMBD2835XL 

A3X 

35 

100 

0.1 

30 


1.0 

10 

4.0 

15 

12 

MMBD2836XL 

A2X 

75 

100 

0.1 

50 


1.0 

10 

4.0 

15 

12 

MIVIBD2837XL 

A5X 

35 

100 

0.1 

30 


1.0 

10 

4.0 

15 

9 

MMBD2838XL 

A6X 

75 

100 

0.1 

50 


1.0 

10 

4.0 

15 

9 

MMBD6100L 

5B 

70 

100 

0.1 

50 

0.85 

1.1 

100 

2.5 

15 

9 

MMBD7000L 

5C 

100 

100 

0.3 

50 

0.75 

1.1 

100 

1.5 

15 

11 


STYLE 8 1 o o 3 STYLE 9 1 

SINGLE 


3 2 STYLE 12 


COMMON CATHODE 


STYLE 18 2o 4 0 3 STYLE 11 1 o H o2 STYLE 19 


SINGLE 


3 

SERIES 
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Plastic-Encapsulated 

Transistors 


Motorola’s plastic transistors and diodes encompass 
hundreds of devices spanning the gamut from general-purpose 
amplifiers and switches with a wide variety of characteristics to 
dedicated special-purpose devices for the most demanding 
applications. The popular high-volume TO-226AA (TO-92) pack- 
age combines proven reliability, performance, economy and con- 
venience to provide the perfect solution for industrial and con- 
sumer design problems. 

As an additional service to our customers Motorola will, upon 
request, supply the following: 

• Radial tape and reel 

• Axial tape and reel 

• TO-205AA (TO-5) lead forming 

• TO-206AA (TO-18) lead forming 

Contact your Motorola representative for ordering information. 

This section contains both single and multiple plastic- 
encapsulated transistors. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltge 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

Vdc 

Collector Current — Continuous 

ic 

200 

mAdc 

Total Device Dissipation (a T/^ = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/X 

*Total Device Dissipation (a Tq = 25°C 

Pd 

1.5 

Watts 

Derate above 25°C 


12 

mW/X 

Operating and Storage Junction 

Tj. Tgtg 

— 55 to -1-150 

X 

Temperature Range 




^THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

X/W 

Thermal Resistance, Junction to Ambient 

P^JA 

200 

x/w 


^Indicates Data in addition to JEDEC Requirements. 



ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol 1 Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage! 1) 

(Ic = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

40 

— 

Vdc 

Collector-Base Breakdown Voltage 
(Ic = 10 /xAdc, Ie = 0) 

V(BR)CBO 

60 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ig = 10 ^tAdc, Ic = 0) 

V(BR)EBO 

6.0 

— 

Vdc 

Base Cutoff Current 
(VcE = 30 Vdc, Veb = 3.0 Vdc) 

Ibl 

— 

50 

nAdc 

Collector Cutoff Current 
(VcE = 30 Vdc, Veb = 3.0 Vdc) 

'CEX 

— 

50 

nAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 


hpE 



_ 

dC = 0.1 mAdc, VcE = 10 Vdc) 

2N3903 


20 

— 



2N3904 


40 

— 


dC = 1.0 mAdc, VcE = 1-0 Vdc) 

2N3903 


35 

— 



2N3904 


70 

— 


dC = 10 mAdc, VcE = 1-0 Vdc) 

2N3903 


50 

150 



2N3904 


100 

300 


(Ic = 50 mAdc, VcE = 1-0 Vdc) 

2N3903 


30 

_ 



2N3904 


60 

— 


dC = 100 mAdc, VcE = 1-0 Vdc) 

2N3903 


15 

_ 



2N3904 


30 

— 


Collector-Emitter Saturation Voltage(l) 

i 

VCE(sat) 



Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 


— 

0.2 


(Ic = 50 mAdc, Ib = 5.0 mAdc) 



— 

0.3 


Base-Emitter Saturation Voltage(l) 


VBE(sat) 



Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 



0.65 

0.85 


dC = 50 mAdc, Ib = 5.0 mAdc) 



— 

0.95 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

fT 



MHz 

dC = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 2N3903 


250 

— 


2N3904 


300 

— 
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2N3903, 2N3904 


ELECTRICAL CHARACTERISTICS (continued) (T/^ = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

Output Capacitance 


^obo 

— 

4.0 

pF 

(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 






Input Capacitance 


Cjbo 

— 

8.0 

pF 

(Vbe = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 






Input Impedance 


^^ie 



k ohms 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

2N3903 


1.0 

8.0 



2N3904 


1.0 

10 


Voltage Feedback Ratio 


hre 



X 10-4 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

2N3903 


0.1 

5.0 



2N3904 


0.5 

8.0 


Small-Signal Current Gain 


hfe 



— 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

2N3903 


50 

200 


2N3904 


100 

400 


Output Admittance 


hoe 

1.0 

40 

/xmhos 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 






Noise Figure 


NF 



dB 

dC = 100 iJiAdc, VcE = 5.0 Vdc, Rs = 1.0 k ohms. 

2N3903 


_ 

6.0 


f = 1.0 kHz) 

2N3904 


— 

5.0 



SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 3.0 Vdc, Vbe = 0-5 Vdc, 

Ic = 10 mAdc, Ibi = 1.0 mAdc) 

td 

— 

35 

ns 

Rise Time 

tr 

— 

35 

ns 

Storage Time 

(Vcc = 3.0 Vdc, Ic = 10 mAdc, 

2N3903 


— 

175 

ns 


Ibi IB2 1-0 mAdc) 

2N3904 


1 

200 


Fall Time 



tf 

- 

50 

ns 


(1) Pulse Test: Pulse Width 300 fxs, Duty Cycle 2.0%. 


FIGURE 1 - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 



FIGURE 2 - STORAGE AND FALL TIME 
EQUIVALENT TEST CIRCUIT 



*Total shunt capacitance of test jig and connectors 


TYPICAL TRANSIENT CHARACTERISTICS 

Tj = 25°C — Tj = 125°C 

FIGURE 3 - CAPACITANCE FIGURE 4 - CHARGE DATA 
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NF, NOISE FIGURE (dB) t'.- STORAGE TIME (ns) TIME (ns) 


2N3903, 2N3904 









hpE, DC CURRENT GAIN (NORMALIZED) 


2N3903, 2N3904 


h PARAMETERS 

( VcE = 10 Vdc, f = 1 .0 kHz, = 25°C) 



0.1 0.2 0.3 0 5 1.0 2.0 3 0 5.0 10 

Ic, COLLECTOR CURRENT (mA) 



0 1 0.2 0.3 0 5 1.0 2.0 3 0 5 .O 10 

Ic, COLLECTOR CURRENT (mA) 




0.1 0.2 0.3 0.5 3.0 1.0 2.0 5.0 10 0 1 0.2 0.3 0.5 1.0 2.0 3 0 50 10 

Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 


TYPICAL STATIC CHARACTERISTICS 



0.1 0.2 0,3 0.5 0.7 1.0 2.0 3 0 5 0 7.0 10 20 30 50 70 100 200 

Ic, COLLECTOR CURRENT (mA) 
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V. VOLTAGE (VOLTS) Vce, COLLECTOR EMITTER VOLTAGE (VOLTS) 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

200 

mAdc 

Total Device Dissipation Cd Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Power Dissipation (a Ta = 60°C 

Pd 

250 

mW 

Total Device Dissipation (cv Tq = 25°C 

Pd 

1.5 

Watts 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 

Tj. Tgtg 

-55 to -1-150 

°C 

Temperature Range 




^THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

— 

Max 

Unit 

Thermal Resistance, Junction to Case 

P6/JC 

83.3 

x/w 

Thermal Resistance, Junction to Ambient 

R0JA 

200 

°c/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | 1^ | Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

40 

- 

Vdc 

Collector-Base Breakdown Voltage 
dc = 10 fjiAdc. Ie = 0) 

V{BR)CBO 

40 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 AAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Base Cutoff Current 
(VcE = 30 Vdc, Vbe ^ 3.0 Vdc) 

Ibl 

— 

50 

nAdc 

Collector Cutoff Current 
(VcE = 30 Vdc, Vbe = 3.0 Vdc) 

'CEX 

— 

50 

nAdc 


ON CHARACTERISTICS! 1) 


DC Current Gain 


hpE 





dC = 0.1 mAdc, VcE = 1.0 Vdc) 

2N3905 


30 

— 



2N3906 


60 

— 


dC = 1.0 mAdc, VcE = 1.0 Vdc) 

2N3905 


40 

_ 



2N3906 


80 

— 


dc = 10 mAdc, VcE = 10 Vdc) 

2N3905 


50 

150 



2 N 3906 


100 

300 


dC = 50 mAdc, Vqe = 1.0 Vdc) 

2N3905 


30 





2 N 3906 j 


60 

— 


dc = 100 mAdc, VcE = 1-0 Vdc) 

2N3905 1 


15 





2N3906 


30 

— 


Collector-Emitter Saturation Voltage 


VcE(sat) 



Vdc 

dc = 10 mAdc, Ib = 1.0 mAdc) 



— 

0.25 


(Ic = 50 mAdc, Ib = 5.0 mAdc) 



— 

0.4 


Base-Emitter Saturation Voltage 


VBE(sat) 



Vdc 

dc = 10 mAdc, Ib = 1.0 mAdc) 



0.65 

0.85 


dc = 50 mAdc, Ib = 5.0 mAdc) 



— 

0.95 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

dc = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 2N3905 

2N3906 

fT 

200 

250 

- 

MHz 

Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 

^obo 

— 

4.5 

pF 
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CAPACITANCE (pF) 


2N3905, 2N3906 


ELECTRICAL CHARACTERISTICS (continued) (T^ = 25°C unless otherwise noted.) 

Characteristic 

Input Capacitance 

(Vbe = 0-5 Vdc, Ic = 0, f = 100 kHz) 

Input Impedance 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N3905 


Voltage Feedback Ratio 
dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Small-Signal Current Gain 
dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Output Admittance 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

Noise Figure 

dC = 100 ixMc, VcE = 5.0 Vdc, Rs = 1.0 k ohm, 
f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 



Symbol | 

Min 

Max 

Unit 


o 

O 

- 

10.0 

pF 


hie 



k ohms 

2N3905 


0.5 

8.0 


2N3906 


2.0 

12 



hre 



X 10-4 

2N3905 


0.1 

5.0 


2N3906 


0.1 

10 



hfe 



— 

2N3905 


50 

200 


2N3906 


100 

400 



hoe 



yamhos 

2N3905 


1.0 

40 


2N3906 


3.0 

60 



NF 



dB 

2N3905 


— 

5.0 


2N3906 


— 

4.0 



Delay Time 

(Vcc = 3.0 Vdc, Vbe = 0.5 Vdc 

td 

— 

35 

ns 


Rise Time 

Ic = 10 mAdc, Ibi = 1-0 mAdc) 

tr 

— 

35 

ns 


Storage Time 

2N3905 

ts 

— 

200 

ns 

1 


(Vcc = 3.0 Vdc, Ic = 10 mAdc, 2N3906 


— 

225 


1 

Fall Time 

Ig^ = |g2 = 1.0 mAdc) 2N3905 

tf 

— 

60 

ns 

■ 


2N3906 


— 

75 


1 


(1) Pulse Width ^ 300 yas. Duty Cycle 2.0%. 


FIGURE 1 - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 

-3.0 V9 

-H H- < 1.0 ns 1 275 

^ 

\ / vy lc,< 4.0pF* 


— H I”*- 300 ns 

DUTY CYCLE - 2% 


FIGURE 2 - STORAGE AND FALL TIME 
EQUIVALENT TEST CIRCUIT 


10<t, < 500yas 
DUTY CYCLE = 2% 

*Total shunt capacitance of test jig and connectors 


+9.1 V — 

!•*-< 1.0 ns _3 



U 

I 

1N916T 

■ -H t, F 

iz- -10.9 V ± 


]C,< 4.0 pF* 


TRANSIENT CHARACTERISTICS 

Tj = 25*C Tj = 125-C 


FIGURE 3 - CAPACITANCE 


FIGURE 4 - CHARGE DATA 



0.2 0.3 0.5 0.7 1.0 2.0 3.0 5 0 7.0 10 20 30 50 

REVERSE BIAS (VOLTS) 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

Ic, COLLECTOR CURRENT (mA) 
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COLLECTOR EMITTER VOLTAGE (VOLTS) hpE. DC CURRENT GAIN (NORMALIZED) 


2N3905, 2N3906 



0.1 0 2 0.3 0.5 0.7 1.0 2 0 3.0 5 0 7.0 10 

Ic, COLLECTOR CURRENT (mA) 



05 I 1 I \ \ I.. I 1. i iJ 1 1 1 1 — 1 L.1±.U 

0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

Ic. COLLECTOR CURRENT (mA) 


STATIC CHARACTERISTICS 



O.l 0.2 0 3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 

Ic, COLLECTOR CURRENT (mA) 



0L_l_J I 1 1 1,.U \ I 1 1 1., 1 i 1, U 1 ^ 1 1 

0.01 0.02 0.03 0.05 0.07 0.1 0.2 0.3 0.5 0 7 1.0 2.0 3.0 5.0 7.0 10 


Ib. base current (mA) 
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V, VOLTAGE (VOLTS) 


2N3905, 2N3906 


FIGURE 15 — "ON" VOLTAGES FIGURE 16 — TEMPERATURE COEFFICIENTS 




2 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N4123 

2N4124 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

25 

Vdc 

Collector-Base Voltage 

VCBO 

40 

30 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

•c 

200 

mAdc 

Total Device Dissipation (a = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.5 

Watt 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 

Tstg 

- 55 to -1-150 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

83.3 

X/W 

Thermal Resistance, Junction to Ambient 

R^ja 

200 

x/w 



ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted.) 

Characteristic [ Symbol j Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

(Ic = 1.0 mAdc, Ie = 0) 

2N4123 

2N4124 

V(BR)CEO 

30 

25 

- 

Vdc 

Collector-Base Breakdown Voltage 
dc = 10 fjiAdc, Ie = 0) 

2N4123 

2N4124 

V{BR)CBO 

40 

30 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie - 10 /xAdc, Ic = 0) 


V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 20 Vdc, Ie = 0) 


'CBO 

— 

50 

nAdc 

Emitter Cutoff Current 
(Vbe = 3.0 Vdc, Ic = 0) 

i 

Iebo 

— 

50 

nAdc 


ON CHARACTERISTICS 


DC Current Gain{1) 
dC = 2.0 mAdc, Vce = 1-0 Vdc) 

dc = 50 mAdc, Vce = ‘*•0 Vdc) 

2N4123 

2N4124 

2N4123 

2N4124 

hpE 

50 

120 

25 

60 

150 

360 


Collector-Emitter Saturation Voltage(l) 
dc = 50 mAdc, Ig = 5.0 mAdc) 


VcE(sat) 

— 

0.3 

Vdc 

Base-Emitter Saturation Voltage(l) 
dc = 50 mAdc, Ig = 5.0 mAdc) 


VBE(sat) 

— 

0.95 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 10 mAdc, Vce = 20 Vdc, f = 100 MHz) 2N4123 

2N4124 

fT 

250 

300 

- 

MHz 

Output Capacitance 
(VcB = 5.0 Vdc, Ip = 0, f = 100 MHz) 

^obo 

— 

4.0 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 

O^ibo 

— 

8.0 

PF 

Collector-Base Capacitance 
(Ie = 0, VcB = 5.0 V, f = 100 kHz) 

^cb 

— 

4.0 

pF 

Small-Signal Current Gain 

dc = 2.0 mAdc, Vce = TO Vdc, f = 1.0 kHz) 2N4123 

2N4124 

hfe 

50 

120 

200 

480 
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2N4123, 2N4124 


ELECTRICAL CHARACTERISTICS (continued) (T/\ = 25°C unless otherwise noted.) 

Characteristic 

Current Gain — High Frequency 

dC = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 2N4123 


dc = 2.0 mAdc, Vce = 10 V, f = 1.0 kHz) 

dC = 2.0 mAdc, Vqe = 10 V, f = 1.0 kHz) 

Noise Figure 

dc = 100 /xAdc, Vce = 5.0 Vdc, Rs = 1.0 k ohm, 
f = 1.0 kHz) 

(1) Pulse Test: Pulse Width = 300 /xs. Duty Cycle = 2.0%. 



FIGURE 1 — CAPACITANCE 


FIGURE 2 — SWITCHING TIMES 



0 1 02 03 0.5 0 7 1.0 2,0 3.0 50 70 10 20 30 40 

REVERSE BIAS VOLTAGE (VOLTS) 



2.0 3 0 5 0 10 20 30 50 

Ic. COLLECTOR CURRENT (mA) 


AUDIO SMALL SIGNAL CHARACTERISTICS 
NOISE FIGURE 

(Vce = 5 Vdc, Ta = 25^0 

FIGURE 3 - FREQUENCY VARIATIONS Bandwidth = i .0 Hz ^ ^ RESISTANCE 

-T-n 14 1 - 


^ ^-so 


SOURCE RESISTANCE = 200 n 
lc = 0.5mA 



mam 


- - Wl 


L SOURCE RESISTANCE = soon 

lc = lOOpiA 

- SOURCE RESISTANCE = IKfi 1 

■|c = M;iA I 
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hpE, DC CURRENT GAIN (NORMALIZED) 








Vet. COLLECTOR EMITTER VOLTAGE (VOLTS) 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N4125 

2N4126 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

25 

Vdc 

Collector-Base Voltage 

VCBO 

30 

25 

Vdc 

Emitter-Base Voltage 

vebo 

4.0 

Vdc 

Collector Current — Continuous 

ic 

200 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/X 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.5 

Watt 

Derate above 25°C 


12.0 

mW/X 

Operating and Storage Junction 

Tj/ Tstg 

- 55 to +150 

X 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

X/W 

Thermal Resistance, Junction to Ambient 

P^JA 

200 

x/w 



ELECTRICAL CHARACTERISTICS (Ta = 25X unless otherwise noted.) 

Characteristic | Symbol [ Min [ Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) dc = 1-0 mAdc, 1^ = 0) 

2N4125 

2N4126 

V(BR)CEO 

30 

25 

— 

Vdc 

Collector-Base Breakdown Voltage dc = 10 ixA6c, Ig = 0) 

2N4125 

V(BR)CBO 

30 

— 

Vdc 


2N4126 


25 

— 


Emitter-Base Breakdown Voltage (Ig = 10 ju-Adc, Iq = 0) 

V(BR)EBO 

4.0 

— 

Vdc 

Collector Cutoff Current (Vcb = 20 Vdc, 1^ = 0) 

ICBO 


50 

nAdc 

Emitter Cutoff Current (Vbe = 3.0 Vdc, Iq = 0) 

Iebo 


50 

nAdc 


ON CHARACTERISTICS 


DC Current Gain{1) 
dc = 2.0 mAdc, Vce = 1-0 Vdc) 

(Ic = 50 mAdc, Vce == "'■0 Vdc) 

2N4125 

2N4126 

2N4125 

2N4126 

hpE 

50 

120 

25 

60 

150 

360 


Collector-Emitter Saturation Voltage(l) 
dc = 50 mAdc, Ib = 5.0 mAdc) 


VcE(sat) 

— 

0.4 

Vdc 

Base-Emitter Saturation Voltaged ) 

(Ic = 50 mAdc, Ib = 5.0 mAdc) 

1 

VBE{sat) 

— 

0.95 

1 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 10 mAdc, Vce = 20 Vdc, f = 100 MHz) 

2N4125 

2N4126 

fT 

200 

250 

- 

MHz 

Input Capacitance 


^ibo 

— 

10 

PF 

(Vbe = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 






Collector-Base Capacitance 


^cb 

— 

4.5 

PF 

(Vcb = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 






Small-Signal Current Gain 


hfe 



— 

dc = 2.0 mAdc, Vce = '>0 Vdc, f = 1.0 kHz) 

2N4125 


50 

200 



2N4126 


120 

480 


Current Gain — High Frequency 


Ihfel 



— 

dc = 10 mAdc, Vce = 20 Vdc, f = 100 MHz) 

2N4125 


2.0 

— 



2N4126 


2.5 

— 


Noise Figure 


NF 



dB 

(Ic = 100 )LtAdc, Vce = 5.0 Vdc, Rq = 1-0 k ohm. 






Noise Bandwidth = 10 Hz to 15.7 kHz) 

2N4125 


— 

5.0 



2N4126 


— 

4.0 



(1) Pulse Test: Pulse Width 300 ixsec, Duty Cycle = 2.0%. 
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FIGURE 1 — CAPACITANCE 


FIGURE 2 — SWITCHING TIMES 



D.2 03 0 5 0 7 1 0 2 0 30 50 70 10 20 30 50 

REVERSE BIAS (VOLTS) 



20 3 0 5 0 10 20 30 50 

Ic, COLLECTOR CURRENT (mA) 


FIGURE 3 - FREQUENCY VARIATIONS 


-SOURCE RESISTANCE = 200 fi 
lc = 1mA 


AUDIO SMALL SIGNAL CHARACTERISTICS 
NOISE FIGURE 

VcE = 5.0 Vdc, Ta = 25 OC, 

Bandwidth = 1 .0 Hz i.n»iii»r . 


FIGURE 4 -SOURCE RESISTANCE 
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COLLECTOR EMIHER VOLTAGE (VOLTS) 


2N4125, 2N4126 



0.1 0.2 0.5 1.0 2.0 5.0 10 

Ic. COLLECTOR CURRENT InrvA) 



Ic. COLLECTOR CURRENT (mA ) 


STATIC CHARACTERISTICS 
FIGURE 9 - DC CURRENT GAIN 



FIGURE 10 -COLLECTOR SATURATION REGION 
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2N4125, 2N4126 


FIGURE 1 1 - “ON" VOLTAGES FIGURE 12 - TEMPERATURE COEFFICIENTS 



5.0 10 20 50 100 200 0 20 40 60 80 100 120 140 160 180 200 

Ic. COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 
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MAXIMUM RATINGS 


Characteristic 

Symbol 

2N4264 

2N4265 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

12 

Vdc 

Collector-Base Voltage 

VCBO 

30 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

Vdc 

Collector Current — Continuous 

ic 

200 

mAdc 

Total Device Dissipation (5 = 25°C 

Pd 

350 

mW 

Derate above 25°C 


2.8 

mW/X 

Total Device Dissipation (a Tq = 25°C 

Pd 

1.0 

Watts 

Derate above 25°C 


8.0 

mW/X 

Operating and Storage Junction ^ 

Temperature Range 

'*'j' ^stg 

— 55 to -1-150 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

X/W 

Thermal Resistance, Junction to Ambient 

R0JA 

200 

x/w 



ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol I Mhi | Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ie = 0) 

2N4264 

2N4265 

V(BR)CEO 

15 

12 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 

20 

— 

Vdc 

dC = 10 ptAdc, Ie = 0) 






Emitter-Base Breakdown Voltage 


V(BR)EBO 

6.0 

— 

Vdc 

(Ie = 10 /xAdc, Ic = 0) 






Base Cutoff Current 


Ibev 



/xAdc 

(VcE = 12 Vdc, VEB(off) = 0-25 Vdc) 





0.1 


(VcE = 12 Vdc, VEBIoff) = 0-25 Vdc, Ta = 100X) 



— 

10 


Collector Cutoff Current 


>CEX 

_ 

100 

nAdc 

(VcE = 12 Vdc, VEB(off) = 0-25 Vdc) 







ON CHARACTERISTICS 


DC Current Gain 


hpE 



_ 

dC = 1.0 mAdc, VcE = 1-0 Vdc) 

2N4264 


25 

— 



2N4265 


30 

— 


dC = 10 mAdc, VcE = 1.0 Vdc) 

2N4264 


40 

160 



2N4265 


100 

400 


(Ic = 30 mAdc, Vqe = 1.0 Vdc) 

2N4264 


40 

_ 



2N4265 


90 

— 


dC = 100 mAdc, VcE = 1.0 Vdc)(1) 

2N4264 


30 





2N4265 


55 

— 


dC = 200 mAdc, VcE = 1.0 Vdc)(1) 

2N4264 


20 





2N4265 


35 

— 


Collector-Emitter Saturation Voltage 


VCE(sat) 



Vdc 

(Ic = 10 mAdc, Ib = 1.0 mAdc) 


— 

0.22 


dC = 100 mAdc, Ib = 10 mAdc)(l) 



— 

0.35 


Base-Emitter Saturation Voltage 


VBE(sat) 



Vdc 

(Ic = 10 mAdc, Ib = 1.0 mAdc) 



0.65 

0.8 


dC = 100 mAdc, Ib = 10 mAdc)(1) 



0.75 

0.95 
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ELECTRICAL CHARACTERISTICS (continued) (T^ = 25°C unless otherwise noted.) 

Characteristic | Sym^ T Min I Max I Unit 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

fT 

300 

— 

MHz 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

o 

JD 

6 

— 

8.0 

pF 

Collector-Base Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 

Ccb 


4.0 

pF 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = lOVdc, VEB(off) = 2.0 Vdc, 

Ic = 100 mAdc, Ibi = 10 mAdc) (Fig. 1, Test Condition C) 

td 

_ 

8.0 

ns 

Rise Time 

tr 

— 

15 

ns 

Storage Time 

Vcc = 10 Vdc, dc = 10 mAdc, for tg) 

(Ic = 100 mA for tf) 

'B1 = IB2 = 10 mAdc) (Fig. 1, Test Condition C) 

Is 

— 

20 

— 

ns 

Fall Time 

tf 

_ 

15 

ns 

Turn-On Time 

(Vcc = 3.0 Vdc, VEB(off) = 1-5 Vdc, 

Ic = 10 mAdc, Ibi = 3.0 mAdc) (Fig. 1, Test Condition A) 

ton 

— 

25 

ns 

Turn-Off Time 

(Vcc = 3.0 Vdc, Ic = 10 mAdc, 

Ibi = 3.0 mAdc, Ib 2 = 1-5 mAdc) (Fig. 1, Test 

Condition A) 

toff 


35 

ns 

Storage Time 

(Vcc - 10 Vdc, Ic = 10 mA 

•b 1 = (B2 ~ 10 mAdc) (Fig. 1, Test Condition B) 

ts 

— 

20 

ns 

Total Control Charge 

(Vcc = 3.0 Vdc, Ic = 10 mAdc, Ib = mAdc) (Fig. 3, Test 
Condition A) 

Qt 

— 

80 

pC 


(1) Pulse Test: Pulse Width = 300 /xs, Duty Cycle = 2.0%. 


FIGURE 1 — SWITCHING TIME EQUIVALENT TEST CIRCUIT 
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2N4264, 2N4265 

CURRENT GAIN CHARACTERISTICS 
FIGURE 2 -- MINIMUM CURRENT GAIN 




FIGURES — Gt TEST CIRCUIT 


FIGURE 4 — TURN-OFF WAVEFORM 


270 0 



When a transistor is held in a conductive state by a base current, 
Ib, a charge, Qs, is developed or “stored” in the transistor. Qs may be 
written: Qs = Qi + Qv + Qx- 

Qi is the charge required to develop the required collector current. 
This charge is primarily a function of alpha cutoff frequency. Qv is 
the charge required to charge the collector-base feedback capacity. 
Qx is excess charge resulting from overdrive, i.e., operation in 
saturation. 

The charge required to turn a transistor “on” to the edge of sat- 
uration is the sum of Q, and Qv which is defined as the active region 
charge, Qa. Qa = leitr when the transistor is driven by a constant cur- 
rent step (Ibi) and Ui < < 

Hfe 


If Ib were suddenly removed, the transistor would continue to con- 
duct until Qs is removed from the active regions through an external 
path or through internal recombination. Since the internal recombina- 
tion time is long compared to the ultimate capability of a transistor, a 
charge, Qt, of opposite polarity, equal in magnitude, can be stored on 
an external capacitor, C, to neutralize the internal charge and con- 
siderably reduce the turn-off time of the transistor. Figure 3 shows 
the test circuit and Figure 4 the turn-off waveform. Given Qj from 
Figure 13, the external C for worst-case turn-off in any circuit is: 
C = Qt/A^’ where A''^ 's defined in Figure 3. 
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V„,. SATURATION VOLTAGE (VOLTS) Vet, MAXIMUM COLLECTOR EMITTER VOLTAGE (VOLTS) Vce. MAXIMUM COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2N4264, 2N4265 


“ON" CONDITION CHARACTERISTICS 

FIGURE 5 — COLLECTOR SATURATION REGION 




FIGURE 6 — SATURATION VOLTAGE LIMITS 


FIGURE 7 — TEMPERATURE COEFFICIENTS 
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REVERSE BIAS (Vdc) Ir, COLLECTOR CURRENT (mA) 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

Vdc 

Collector Current — Continuous 

ic 

600 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

pd 

1.5 

Watt 

Derate above 25*C 


12 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

- 55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

"C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

200 

°c/w 


2N4400 

2N4401 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 



GENERAL PURPOSE 
TRANSISTORS 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Max f Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage! 1) 
dC = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

40 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 0.1 mAdc, Ie = 0) 

V(BR)CBO 

60 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 0.1 mAdc, Ic = 0) 

V(BR)EBO 

6.0 

— 

Vdc 

Base Cutoff Current 
(VcE = 35 Vdc, Veb = 0.4 Vdc) 

Ibev 

— 

0.1 

^Adc 

Collector Cutoff Current 
(VcE = 35 Vdc, Veb = 0.4 Vdc) 

'CEX 

— 

0.1 

yu-Adc 


ON CHARACTERISTICS! 1) 


DC Current Gain 

dC = 0.1 mAdc, VcE = 1-0 Vdc) 2N4401 

dC = 1.0 mAdc, VcE = 1-0 Vdc) 2N4400 

2N4401 

dC = 10 mAdc, VcE = 10 Vdc) 2N4400 

2N4401 

dC = 150 mAdc, Vce = 10 Vdc) 2N4400 

2N4401 

dC = 500 mAdc, Vqe = 2.0 Vdc) 2N4400 

2N4401 1 

hpE 

20 

20 

40 

40 

80 

50 

100 

20 

40 

150 

300 


Collector-Emitter Saturation Voltage 

VCE(sat) 



Vdc 

(ic = 

150 mAdc, Ib = 15 mAdc) 


— 

0.4 


(ic = 

500 mAdc, Ib = 50 mAdc) 


— 

0.75 


Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

Oc = 

150 mAdc, Ib = 15 mAdc) 


0.75 

0.95 


(ic = 

500 mAdc, Ib = 50 mAdc) 


— 

1.2 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 20 mAdc, VcE = 10 Vdc, f = 100 MHz) 2N4400 

2N4401 

fT 

200 

250 

- 

MHz 

Collector-Base Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 

^cb 

— 

6.5 

PF 
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2N4400, 2N4401 


ELECTRICAL CHARACTERISTICS (continued) (T/^ = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Emitter-Base Capacitance 
(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 

^eb 

- 

30 

pF 

Input Impedance 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N4400 

2N4401 

hie 

0.5 

1.0 

7.5 

15 

k ohms 

Voltage Feedback Ratio 
dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hre 

0.1 

8.0 

X 10-4 

Small-Signal Current Gain 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N4400 

2N4401 

hfe 

20 

40 

250 

500 


Output Admittance 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hoe 

1.0 

30 

/Ltmhos 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 30 Vdc, Veb = 2.0 Vdc, 

td 

— 

15 

ns 

Rise Time 

Ic = 150 mAdc, Ibi = 15 mAdc) 

tr 

— 

20 

ns 

Storage Time 

(Vcc = 30 Vdc, Ic = 150 mAdc, 

fs 

— 

225 

ns 

Fall Time 

Ibi = Ib 2 = 15 mAdc) 

tf 

— 

30 

ns 


(1) Pulse Test: Pulse Width < 300 /jls, Duty Cycle 2.0%. 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 



FIGURE 1 — TURN-ON TIME 

1 .0 to 1 00 /Lts, 

DUTY CYCLE - 2.0% 


-2.0 V 


1.0 ka 


U- < 2.0 ns 


' +30 V 

► 200 a 




1-16 V 
0 - 


FIGURE 2 — TURN-OFF TIME 

1^ 1.0 to 100 iJLS, 

DUTY CYCLE - 2.0%. 


1 Cs < 10 pF 



+ 30 V 

> 200 a 


-14 V 


h 


1.0 ka 


< 20 ns 


® 4 = 


Scope rise time < 4.0 ns 
*Total shunt capacitance of test jig connectors, and oscilloscope 


6-4.0 V 


ICsV 10 pF 


TRANSIENT CHARACTERISTICS 


25°C 



0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 

REVERSE VOLTAGE (VOLTS) 


100X 

FIGURE 4 — CHARGE DATA 



10 20 30 50 70 100 200 300 500 

IC, COLLECTOR CURRENT (mA) 
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' STORAGE TIME (ns) t, TIME (ns) 


2N4400, 2N4401 



10 20 30 50 70 100 200 300 500 


IC, COLLECTOR CURRENT (mA) 



10 20 30 50 70 100 200 300 500 


IC, COLLECTOR CURRENT (mA) 



10 20 30 50 70 100 200 300 500 

IC, COLLECTOR CURRENT (mA) 



10 20 30 50 70 100 200 300 500 

Ic, COLLECTOR CURRENT (mA) 


SMALL-SIGNAL CHARACTERISTICS 

NOISE FIGURE 

VcE = 10 Vdc, Ta = 25°C 

FIGURE 9 — FREQUENCY EFFECTS Bandwidth = 1.0 Hz FIGURE 10 — SOURCE RESISTANCE EFFECTS 




0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 50 100 200 500 1.0 k 2.0 k 5.0 k 10 k 20 k 50 k 100 k 

f, FREQUENCY (kHz) Rs, SOURCE RESISTANCE (OHMS) 
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hpE, NORMALIZED CURRENT GAIN VOLTAGE FEEDBACK RATIO (X 10 4) hfg, CURRENT GAIN 


2N4400, 2N4401 


h PARAMETERS 


VcE = 10 Vdc, f 

This group of graphs illustrates the relation- 
ship between hfe and other "h” parameters 
for this series of transistors. To obtain these 
curves, a high-gain and a low-gain unit were 


1.0 kHz, Ta = 25°C 

selected from both the 2N4400 and 2N4401 
lines, and the same units were used to de- 
velop the correspondingly numbered curves 
on each graph. 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 


IC, COLLECTOR CURRENT (mA) 


IC, COLLECTOR CURRENT (mA) 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 


FIGURE 14 — OUTPUT ADMITTANCE 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 


IC, COLLECTOR CURRENT (mA) 


IC, COLLECTOR CURRENT (mA) 


STATIC CHARACTERISTICS 


FIGURE 15 — DC CURRENT GAIN 
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VOLTAGE (VOLTS) Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2N4400, 2N4401 



0.01 0.02 0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 

Ib, base current (mA) 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 


IC, COLLECTOR CURRENT (mA) 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 

IC, COLLECTOR CURRENT (mA) 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

600 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

1.5 

Watt 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj/ Tstg 

- 55 to 1 50 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

200 

°c/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic I Symbol I Min | Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) (Iq = 1-0 mAdc, Ib = 0) 

V(BR)CEO 

40 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 0.1 mAdc, Ig = 0) 

V(BR)CBO 

40 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ig = 0.1 mAdc, Iq = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Base Cutoff Current (Vce = 35 Vdc, Vbe = 0,4 Vdc) 

•bev 

— 

0.1 

fiAdc 

Collector Cutoff Current (Vqe = 35 Vdc, Vbe 0.4 Vdc) 

ICEX 

- 

0.1 

fxAdc 


ON CHARACTERISTICS 


DC Current Gain 


hpE 





dC = 0.1 mAdc, Vce = 10 Vdc) 

2N4403 


30 

— 


dC = 1.0 mAdc, Vce = 10 Vdc) 

2N4402 


30 

_ 



2N4403 


60 

— 


(Ic = 10 mAdc, Vce = 10 Vdc) 

2N4402 


50 





2N4403 


100 

— 


dC = 150 mAdc, Vce = 2.0 Vdc)(1) 

2N4402 


50 

150 



2N4403 


100 

300 


dC = 500 mAdc, Vce = 2.0 Vdc)(1) 

Both 


20 

— 


Collector-Emitter Saturation Voltage(l) 


VCE{sat) 



Vdc 

(Ic = 150 mAdc, Ib = 15 mAdc) 



— 

0.4 


dC = 500 mAdc, Ib = 50 mAdc) 



— 

0.75 


Base-Emitter Saturation Voltage(l) 


VBE(sat) 



Vdc 

dC = 150 mAdc, Ib = 15 mAdc) 


0.75 

0.95 


dC = 500 mAdc, Ib = 50 mAdc) 



— 

1.3 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 20 mAdc, Vce = 10 Vdc, f = 100 MHz) 2N4402 

2N4403 

fT 

150 

200 

- 

MHz 

Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 140 kHz) 

Ccb 

— 

8.5 

PF 

Emitter-Base Capacitance 
(Vbe = 0.5 Vdc, Ic = 0, f = 140 kHz) 

Ceb 

— 

30 

PF 

Input Impedance 

dC = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 2N4402 

2N4403 

hie 

750 

1.5k 

7.5k 

15k 

ohms 
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ELECTRICAL CHARACTERISTICS (continued) (T/^ = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Voltage Feedback Ratio 
dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hre 

0.1 

8.0 

X 10-4 

1 

Small-Signal Current Gain 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N4402 

2N4403 

hfe 

30 

60 

250 

500 


Output Admittance 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hoe 

1.0 

100 

/Ltmhos 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 30 Vdc, Vbe = 2.0 Vdc, 

td 

— 

15 

ns 

Rise Time 

Ic = 150 mAdc, Igi = 15 mAdc) 

tr 

— 

20 

ns 

Storage Time 

(Vcc = 30 Vdc, Ic = 150 mAdc, 

Is 

— 

225 

ns 

Fall Time 

Iri = IB2 == 13 mAdc) 

tf 

- 

30 

ns 


(1) Pulse Test: Pulse Width 300 /is, Duty Cycle 2.0%. 


SWITCHING TIME EQUIVALENT TEST CIRCUIT 

FIGURE 1 - TURN-ON TIME FIGURE 2 - TURN OFF TIME 





TRANSIENT CHARACTERISTICS 


25*C 

FIGURE 3 -CAPACITANCES 



100*C 

FIGURE 4 -CHARGE DATA 



10 20 30 50 70 100 200 300 500 

Ic, COLLECTOR CURRENT (mA) 
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NF. NOtSE FIGURE (dB) t, TIME (ns) 


2N4402, 2N4403 



10 20 30 50 70 100 200 300 500 



10 20 30 50 70 100 200 300 500 


Ic, COLLECTOR CURRENT (mA) 


Ic, COLLECTOR CURRENT (mA) 



10 20 30 50 70 100 200 300 500 

Ic. COLLECTOR CURRENT (mA) 


SMALL-SIGNAL CHARACTERISTICS 
NOISE FIGURE 

VcE= 10 Vdc,TA= 25°C 



.01 ,02 .05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 50 100 200 500 Ik 2 k 5 k 10 k 20 k 50 k 


f, FREQUENCY (kHz) 


Rs, SOURCE RESISTANCE (OHMS) 
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2N4402, 2N4403 


h PARAMETERS 

VcE = 10 Vdc, f = 1 kHz, Ta = 25“C 

This group of graphs illustrates the relationship be- 2N4402 and 2N4403 lines, and the same units 

tween hf, and other “h" parameters for this series were used to develop the correspondingly- 

of transistors. To obtain these curves, a high-gain numbered curves on each graph, 

and a low-gain unit were selected from both the 
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FIGURE 11 — INPUT IMPEDANCE 
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STATIC CHARACTERISTICS 
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VOLTAGE (VOLTS) Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2N4402, 2N4403 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N4409 

2N4410 

Unit 

Collector-Emitter Voltage 

VCEO 

50 

80 

Vdc 

Collector-Base Voltage 

VCBO 

80 

120 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

250 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mwrc 

Total Device Dissipation @Tc = 25°C 

Pd 

1.5 

Watts 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 

Tgtg 

- 65 to -h 200 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

200 

x/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dc = 1.0 mAdc, Ib = 0) 

2N4409 

2N4410 

V(BR)CEO 

50 

80 

- 

Vdc 

Collector-Emitter Breakdown Voltage 


V(BR)CEX 



Vdc 

dc = 500 AAdc, Vbe = 5.0 Vdc, Rbe = 8.2 kohms) 

2N4409 


80 

— 



2N4410 


120 

— 


Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dc = 10 MAdc, Ie = 0) 

2N4409 


80 

— 



2N4410 


120 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

_ 

Vdc 

(Ie = 10 MAdc, Ic = 0) 






Collector Cutoff Current 


'CBO 



MAdc 

(VcB = 60 Vdc, Ie = 0) 

2N4409 


— 

0.01 


(VcB = 60 Vdc, Ie = 0, Ta = lOOX) 

2N4409 


— 

1.0 


(VcB = “1 00 Vdc, Ie = 0) 

2N4410 


— 

0.01 


(VcB = 100 Vdc, Ie = 0, Ta = 100X) 

2N4410 


— 

1.0 


Emitter Cutoff Current 


Iebo 

— 

0.1 

MAdc 

(Vbe = 4.0 Vdc, Ic = 0) 







ON CHARACTERISTICS 


DC Current Gain dc = 1.0 mAdc, VcE = 1.0 Vdc) 

hpE 

60 

_ 

_ 

dc = 10 mAdc, VcE = 1.0 Vdc) 


60 

400 


Collector-Emitter Saturation Voltage dc = 1.0 mAdc, Ib = 0.1 mAdc) 

VcE(sat) 

— 

0.2 

Vdc 

Base-Emitter Saturation Voltage (Ic = 1.0 mAdc, Ib = 0.1 mAdc) 

VBE(sat) 

— 

0.8 

Vdc 

Base-Emitter On Voltage dc = 10 mAdc, VcE = 5.0 Vdc) 

VBE(on) 

— 

0.8 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dc = 10 mAdc, VcE = 10 Vdc, f = 30 MHz) 

^T 

60 

300 

MHz 

Collector-Base Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 140 kHz, emitter guarded) 

Ccb 

— 

12 

PF 

Emitter-Base Capacitance 

(Vbe = 6-6 Vdc, Ic = 0, f = 140 kHz, collector guarded) 

Ceb 

— 

50 

PF 


(1) Pulse Test; Pulse Width ^ 300 jjis. Duty Cycle ^ 2.0%. 

(2) fj = |hfel • ftest- 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

50 

Vdc 

Collector-Base Voltage 

VCBO 

50 

Vdc 

Emitter-Base Voltage 

Vebo 

3.0 

Vdc 

Collector Current — Continuous 

ic 

50 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

1.5 

Watt 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj/ Tstg 

— 55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

83.3 

X/W 

Thermal Resistance, Junction to Ambient 

R^ja 

200 

x/w 



ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristjc | Symbol | Min \ Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

50 

~ 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

50 

— 

Vdc 

dC = 100 /iAdc, Ie = 0) 





Collector Cutoff Current 

>CBO 



nAdc 

(VcB = 10 Vdc, Ie = 0) 


— 

10 


(VcB = 35 Vdc, Ie = 0) 


— 

50 


Emitter Cutoff Current ! 

'ebo 

— 

50 

nAdc 

(Vbe = 3.0 Vdc, Ic = 0) I 






ON CHARACTERISTICS 


DC Current Gain 
dC = 100 AAdc, VcE = 5.0 Vdc) 

dC = 1.0 mAdc, VcE = 5.0 Vdc) 

dC = 10 mAdc, VcE = 5.0 Vdc)(2) 

2N5086 

2N5087 

2N5086 

2N5087 

2N5086 

2N5087 

hpE 

150 

250 

150 

250 

150 

250 

500 

800 

_ 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ib = 1.0 mAdc) 


VCE(sat) 

— 

0.3 

Vdc 

Base-Emitter On Voltage 
dC = 1.0 mAdc, VcE = 5.0 Vdc) 


VBE(on) 

— 

0.85 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 500 Mdc, VcE = 5.0 Vdc, f = 20 MHz) 

h 

40 

— 

MHz 

Collector-Base Capacitance 


Ccb 

— 

4.0 

PF 

(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 






Small-Signal Current Gain 


hfe 



— 

dC = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

2N5086 


150 

600 



2N5087 


250 

900 


Noise Figure 


NF 



dB 

dC = 20 jaAdc, Vqe = 5.0 Vdc, Rs = 10 k ohms. 

2N5086 


— 

3.0 


f = 10 Hz to 15.7 kHz) 

2N5087 


— 

2.0 


(Ic = 100 /iAdc, VcE = 5.0 Vdc, Rs = 3.0 k ohms. 

2N5086 


— 

3.0 


f = 1.0 kHz) 

2N5087 


— 

2.0 



(2) Pulse Test: Pulse Width 300 /jls, Duty Cycle ^ 2.0%. 
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RS, SOURCE RESISTANCE (OHMS) RS, SOURCE RESISTANCE (OHMS) ^ en, NOISE VOLTAGE (nV) 


2N5086, 2N5087 


TYPICAL NOISE CHARACTERISTICS 
(VcE = 5.0 Vdc, Ta = 25OC) 


FIGURE 1 — NOISE VOLTAGE 



FIGURE 2 — NOISE CURRENT 



NOISE FIGURE CONTOURS 
(VcE = 5.0 Vdc, Ta = 25OC) 


FIGURE 3 ~ NARROW BAND, 100 Hz 



FIGURE 4 — NARROW BAND, 1.0 KHz 



FIGURE 5 — WIDEBAND 



Noise Figure is Defined as: 


NF = 20 log 10 


"en2 + 4KTRs+ 1/2 

L 4KTRs -I 


en = Noise Voltage of the Transistor 
referred to the input. (Figure 3) 

In = Noise Current of the transistor 

referred to the input (Figure 4) 

K = Boltzman's Constant (1.38 X 10~23 j/OK) 

T = Temperature of the Source Resistance (°K) 
Rs = Source Resistance (Ohms) 
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CURRENT GAIN 


2N5086, 2N5087 

TYPICAL STATIC CHARACTERISTICS 


FIGURE 6 — DC CURRENT GAIN 
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2N5086, 2N5087 


FIGURE 17 — THERMAL RESPONSE 



t,TIME (ms) 


FIGURE 18 — ACTIVE-REGION SAFE OPERATING AREA 



2.0 4.0 6.0 8.0 10 20 40 


VcE, COLLECTOR-EMITTER VOLTAGE 


The safe operating area curves indicate Ic^CE limits 
of the transistor that must be observed for reliable oper- 
ation. Collector load lines for specific circuits must fall 
below the limits indicated by the applicable curve. 

The data of Figure 20 is based upon Tj(pi<) = 150°C; 
Tc or T/\ is variable depending upon conditions. Pulse 
curves are valid for duty cycles to 10% provided Tj(p|<)< 
150°C. Tj{p|<) may be calculated from the data in Figure 
19. At high case or ambient temperatures, thermal limi- 
tations will reduce the power that can be handled to 
values less than the limitations imposed by second break- 
down, (See AN-41 5A). 


FIGURE 19 — TYPICAL COLLECTOR LEAKAGE CURRENT 



-40 -20 0 +20 +40 +60 +80 +100 +120 +140 +160 

Tj, JUNCTION TEMPERATURE {°C) 


DESIGN NOTE: USE OF THERMAL RESPONSE DATA 

A train of periodical power pulses can be represented by 
the model as shown in Figure 1 9A. Using the model and the 
device thermal response the normalized effective transient 
thermal resistance of Figure 19 was calculated for various 
duty cycles. 

To find Z^jA(t), multiply the value obtained from 
Figure 19 by the steady state value R^ja- 
Example: 

The MPS3905 is dissipating 2.0 watts peak under the 
following conditions; 

t1 = 1.0 ms, t2= 5.0 ms (D = 0.2) 

Using Figure 19 at a pulse width of 1.0 ms and D = 0.2, 
the reading of r(t) is 0.22. 

The peak rise in junction temperature is therefore 
AT = r(t) X P(pk) X R0JA = 0.22 x 2.0 x 200 = 88°C. 
For more information, see AN-569. 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N5088 

2N5089 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

25 

Vdc 

Collector-Base Voltage 

VCBO 

35 

30 

Vdc 

Emitter-Base Voltage 

Vebo 

4.5 

Vdc 

Collector Current — Continuous 

ic 

50 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

1.5 

Watt 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 

Tj. Ts,g 

- 55 to -h 1 50 

X 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

125 

°C/W 

Thermal Resistance, Junction to Ambient 

R0Ja(i) 

357 

°c/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min I Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) (Iq =1.0 mAdc, Ib = 0) 

2 N 5088 

2N5089 

V(BR)CEO 

30 

25 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 100 juAdc, Ig = 0) 

2N5088 

V(BR)CBO 

35 

_ 

Vdc 


2N5089 


30 

— 


Collector Cutoff Current (VcB = 20 Vdc, Ie = 0) 

2N5088 

ICBO 

— 

50 

nAdc 

(VcB = 15 Vdc, Ie = 0) 

2N5089 

1 

— 

50 


Emitter Cutoff Current (VEB(off) = 3.0 Vdc, Iq = 0) 


•ebo 

— 

50 

nAdc 

(VEB(off) = 4.5 Vdc, Iq = 0) 




100 



ON CHARACTERISTICS 


DC Current Gain 

dC = 100 AAdc, VcE = 5.0 Vdc) 2N5088 

2 N 5089 

dC = 1.0 mAdc, VcE = 5.0 Vdc) 2N5088 

2 N 5089 

dC = 10 mAdc, VcE = 5.0 Vdc)(2) 2N5088 

2N5089 

hpE 

300 

400 

350 

450 

300 

400 

900 

1200 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ib = 1.0 mAdc) 

VcE(sat) 

— 

0.5 

Vdc 

Base-Emitter On Voltage 
dC = 10 mAdc, VcE = 5.0 Vdc)(2) 

VBE(on) 



0.8 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 500 /uAdc, VcE = 5.0 Vdc, f = 20 MHz) 

fT 

50 

- 

MHz 

Collector-Base Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 

^cb 

— 

4.0 

pF 

Emitter-Base Capacitance 
(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 

^eb 

— 

10 

PF 

Small-Signal Current Gain 

dC = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 2N5088 

2N5089 j 

hfe 

350 

450 

1400 

1800 

— 

Noise Figure 

dC = 100 /uAdc, VcE = 5.0 Vdc, Rs = 10 kohms, 2N5088 

f = 10 Hz to 15.7 kHz) 2N5089 

NF 

- 

3.0 

2.0 

dB 


(1) RffjA is measured with the device soldered into a typical printed circuit board. 

(2) Pulse Test: Pulse Width ^ 300 fj,s, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

25 

Vdc 

Collector-Base Voltage 

VCBO 

30 

Vdc 

Emitter-Base Voltage 

vebo 

3.0 

Vdc 

Collector Current — Continuous 

ic 

50 

mAdc 

Total Device Dissipation (S Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/X 

Total Device Dissipation (a Tc = 25°C 

Pd 

625 

Watt 

Derate above 25°C 


12 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj» Tgtg 

-55 to -1-150 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R6»JC 

83.3 

X/W 

Thermal Resistance, Junction to Ambient 

R0Ja(1) 

200 

x/w 


CASE 29-04, STYLE 2 
TO-92 (TO-226AA) 



3 Collector 



2 Emitter 


GENERAL PURPOSE 
TRANSISTOR 

PNP SILICON 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 1 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dc == 1.0 mAdc, Ig = 0) 

V{BR)CEO 

25 

— 

Vdc 

Collector-Base Breakdown Voltage 
dc = 0.1 mAdc, Ie = 0) 

V(BR)CBO 

30 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 ixAdc, Ic = 0) 

V(BR)EBO 

3.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 10 Vdc, Ie = 0) 

•CBO 

— 

10 

nAdc 

Emitter Cutoff Current 
(Vbe = 2.0 Vdc, Ic = 0) 

'ebo 

— 

100 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
dc = 2.0 mAdc, VcE = 10 Vdc) 

hPE 

20 

120 

— 

Base-Emitter On Voltage 
dc = 2.0 mAdc, VcE = 10 Vdc) 

VBE(on) 

— 

0.85 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 2.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

fT 

300 

1200 

MHz 

Input Capacitance 

(Vbe = 2.0 Vdc, Ic = 0, f = l.o MHz) 

Cibo 

— 

4.0 

pF 

Collector-Base Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) , 

Ccb 

— 

1.0 

pF 

Collector Base Time Constant * 

(Ie = 2.0 mAdc, VcB = 10 Vdc, f = 31.8 MHz) 

rbXc 

— 

10 

ps 

Noise Figure 

dc = 2.0 mAdc, VcE = 10 Vdc, Rs = 75 ohms, f = 100 MHz, BW = 1.0 MHz) 

NF 

— 

3.0 

dB 


FUNCTIONAL TEST 


Amplifier Power Gain 

Gpe 

22 

— 

dB 

dc = 2.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 





(1) R^ja is measured with the device soldered into a typical printed circuit board. 
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2N5208 


FIGURE 1 - 100 MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT 

2.0 pF 0.7 -10pF 




T1 Ballun Core, 5 turns primary, 5 turns 
secondary. No. 24 bifilar wound. 

T2 ’/♦ inch inner diameter, 5'/j turns 
tapped up % turn. No. 16 buss wire. 


COMMON-EMITTER Y PARAMETERS (Polar Plots) 
VcE = 10Vdc, Ta = 250C 


FIGURE 2 - INPUT ADMITTANCE 
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FIGURE 3 - OUTPUT ADMITTANCE 
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FIGURE 4 - FORWARD TRANSFER ADMITTANCE FIGURE 5 - REVERSE TRANSFER ADMITTANCE 
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2N5208 


2 


STABILITY FACTOR CURVE 



COMMON-EMITTER Y PARAMETERS vs FREQUENCY 


VcE = 10 Vdc, Ta = 250c 


FIGURE 8 - INPUT ADMITTANCE 


FIGURE 9 - OUTPUT ADMITTANCE 



30 40 50 70 100 200 300 


f. FREQUENCY (MHz) 
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f, FREQUENCY (MHz) 


FIGURE 10 - FORWARD TRANSFER ADMITTANCE FIGURE 1 1 - REVERSE TRANSFER ADMITTANCE 
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2N5208 


STABILITY FACTOR CURVES 


FIGURE 12 - OPTIMUM SOURCE ADMITTANCE 


FIGURE 13 - OPTIMUM LOAD ADMITTANCE 




When a potentially unstable device is operated without feedback, ther^ is an infinite number of combinations of 
source and load admittance associated with any given circuit stability factor (k). Equations have been developed for 
determining the optimum source and load admittance for maximum gain. Figures 7, 12 and 13 provide a solution to 
the equations for the 2NS208. 


2 


NOISE FIGURE 


FIGURE 14 - FREQUENCY EFFECTS 


FIGURE 15 -SOURCE RESISTANCE EFFECTS 
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FIGURE 16 -CURRENT-GAIN — BANDWIDTH PRODUCT FIGURE 17 - CAPACITANCES 
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hp£, DC CURRENT GAIN (NORMALIZED) 


2N5208 


FIGURE 18 - DC CURRENT GAIN 



MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 






MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

50 

Vdc 

Collector-Base Voltage 

VCBO 

50 

Vdc 

Emitter-Base Voltage 

Vebo 

4.5 

Vdc 

Collector Current — Continuous 

ic 

50 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @Tc = 25°C 

Pd 

1.5 

Watt 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 

Tj, Tstg 

-55 to -H150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


1 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

125 

°C/W 

Thermal Resistance, Junction to Ambient 

RsjAd) 

357 

°C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | 

Max 1 Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

50 


Vdc 

Collector-Base Breakdown Voltage 
dC = 0.1 mAdc, Ie = 0) 

V(BR)CBO 

50 


Vdc 

Collector Cutoff Current 
(VcB = 35 Vdc, Ie = 0) 

ICBO 

— 

50 

nAdc 

Emitter Cutoff Current 
(Vbe = 3.0 Vdc, Ic = 0) 

lEBO 

— 

50 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 

dC = 100 ^lAdc, VcE = 5.0 Vdc) 2N5209 

2N5210 

dC = 1.0 mAdc, VcE = 5.0 Vdc) 2N5209 

2N5210 

dC = 10 mAdc, VcE = 5.0 Vdc)(2) 2N5209 

2N5210 

hPE 

100 

200 

150 

250 

150 

250 

300 

600 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 

VCE(sat) 


0.7 

Vdc 

Base-Emitter On Voltage 
(Ic = 1.0 mAdc, VcE = 5.0 Vdc) 

VBE(on) 


0.85 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 500 /^Adc, VcE = 5.0 Vdc, f = 20 MHz) 

fT 

30 

— 

MHz 

Collector-Base Capacitance 


Ccb 

— 

4.0 

pF 

(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 






Small-Signal Current Gain 


hfe 



— 

dC = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

2N5209 


150 

600 



2N5210 


250 

900 


Noise Figure 


NF 



dB 

dC = 20 iiAdc, VcE = 5.0 Vdc, Rs = 22 k ohms. 

2N5209 


— 

3.0 


f = 10 Hz to 15.7 kHz) 

2N5210 


— 

2.0 


(Ic == 20 fxAdc, VcE = 5.0 Vdc, Rs = 10 k ohms. 

2N5209 1 


_ 

4.0 


f = 1.0 kHz) 

2N5210 


— 

3.0 



(1) R0JA is measured with the device soldered into a typical printed circuit board. 

(2) Pulse Test: Pulse Width = 300 fis, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

Vdc 

Collector-Base Voltage 

VCBO 

20 

Vdc 

Emitter-Base Voltage 

Vebo 

2.0 

Vdc 

Collector Current — Continuous 

ic 

50 

mAdc 

Total Device Dissipation @ Ta = 25°C 

pd 

625 

mW 

Derate above 25°C 


5.0 

mW/X 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.5 

Watt 

Derate above 25°C 


12 

mW/X 

Operating and Storage Junction 
Temperature Range 

^J' "i'stg 

- 55 to +150 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

125 

X/W 

Thermal Resistance, Junction to Ambient 


357 

x/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 1 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dc = 1.0 mAdc, Ig = 0) 

V(BR)CEO 

15 


Vdc 

Collector-Base Breakdown Voltage 
dC = 100 ^Adc, Ie = 0) 

V(BR)CBO 

20 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 100 yuAdc, Ic = 0) 

V(BR)EBO 

2.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 10 Vdc, Ie = 0) 

'CBO 

— 

100 

nAdc 

Emitter Cutoff Current 
(Vbe = 2.0 Vdc, Ic = 0) 

Iebo 

— 

100 

nAdc 

ON CHARACTERISTICS 

DC Current Gain{2) 
dC = 4.0 mAdc, VcE = 10 Vdc) 

hPE 

20 

150 

— 

Collector-Emitter Saturation Voltage 
(Ic = 4.0 mAdc, Ig = 400 /xAdc) 

VCE(sat) 

— 

1.0 

Vdc 

Base-Emitter On Voltage 
dC = 4.0 mAdc, Ig = 400 /xAdc) 

VgE(on) 

— 

1.2 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 4.0 mAdc, VcE = 10 Vdc, f = 20 MHz) 

fT 

450 

— 

MHz 

Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Ccb 


1.3 

PF 

Small-Signal Current Gain 
(Ic = 4.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hfe 

20 

300 

— 


(1) R^JA is measured with the device soldered into a typical printed circuit board. 

(2) Pulse Test: Pulse Width = 300 /xs, Duty Cycle ~ 2.0%. 
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yrb, REVERSE TRANSFER ADMITTANCE (mmhos) yfb, FORWARD TRANSFER ADMITTANCE (mmhos) ADMITTANCE (mmhos) 


2N5222 


COMMON-BASE y PARAMETERS versus FREQUENCY 
(VcB = 10 Vdc, Ic = 4.0 mAdc, Ta = 250C) 


Yib, INPUT ADMITTANCE 


FIGURE 1 - RECTANGULAR FORM 


FIGURE 2 - POLAR FORM 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

20 

Vdc 

Collector-Base Voltage 

VCBO 

25 

Vdc 

Emitter-Base Voltage 

Vebo 

3.0 

Vdc 

Collector Current — Continuous 

ic 

100 

mAdc 

Total Device Dissipation @ = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mwrc 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.5 

Watt 

Derate above 25°C 


12.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj' Tstg 

- 55 to -1-150 



Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

125 

°C/W 

Thermal Resistance, Junction to Ambient 


357 

°c/w 


R^JA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

20 

— 

Vdc 

Collector-Base Breakdown Voltage 
(\q =100 /LtAdc, Ie = 0) 

V(BR)CBO 

25 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 100 ^dc, Ic = 0) 

V(BR)EBO 

3.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = “lO Vdc, Ie = 0) 

'CBO 

— 

100 

nAdc 

Emitter Cutoff Current 
(Vbe = 3.0 Vdc, Ic = 0) 

'ebo 



— 

500 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
dC = 2.0 mAdc, VcE = 10 Vdc) 

hpE 

200 

500 

— 

Collector-Emitter Saturation Voltage 

dC = 10 mAdc, Ib = 1.0 mAdc) j 

VcE(sat) 

— 

0.7 

Vdc 

Base-Emitter Saturation Voltage 

dC = 10 mAdc, Ib = 1.0 mAdc) j 

VBE{sat) 

— 

1.2 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

dC = 10 mAdc, VcE = 10 Vdc, f = 20 MHz) ^ 

fT 

150 

— 

MHz 

Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

^cb 

— 

4.0 

PF 

Small-Signal Current Gain 
dC = 2.0 mAdc, Vqe = 10 Vdc, f = 1.0 kHz) 

hfe 

1 

50 

1600 

— 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

25 

Vdc 

Collector-Base Voltage 

VCBO 

25 

Vdc 

Emitter-Base Voltage 

Vebo 

4.0 

Vdc 

Collector Current — Continuous 

'c 

500 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

1.5 

Watt 

Derate above 25°C 


12.0 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj/ Tstg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

125 

X/W 

Thermal Resistance, Junction to Ambient 

R0Ja(i) 

357 

x/w 


(1) R^ja 's measured with the device soldered into a typical printed circuit board. 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage{2) 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

25 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 100 /xAdc, Ie = 0) 

V(BR)CBO 

25 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 100 fjiAdc, Ic = 0) 

V(BR)EBO 

4.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 15 Vdc, Ic = 0) 

ICBO 

— 

300 

nAdc 

Emitter Cutoff Current 
(Vbe = 4.0 Vdc, Ic = 0) 

Iebo 

1 

— 

500 

nAdc 


ON CHARACTERISTICS(2) 


DC Current Gain 
dc = 10 mAdc, VcE = 10 Vdc) 
dC = 50 mAdc, VcE = 10 Vdc) 

hpE 

25 

30 

— 

600 

— 

Collector-Emitter Saturation Voltage 
dc = 100 mAdc, Ib = 10 mAdc) 

VcE(sat) 

— 

0.8 

Vdc 

Base-Emitter Saturation Voltage 
dc = 100 mAdc, Ib = 10 mAdc) 

VBE(sat) 

i 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 20 mAdc, VcE = 10 Vdc, f = 20 MHz) 

fT 

50 

— 

MHz 

Collector-Base Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 

^cb 

— 

20 

PF 

Small-Signal Current Gain 
dc = 50 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hfe 

30 

1800 

— 


(2) Pulse Test: Pulse Width 300 fis, Duty Cycle 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Collector-Base Voltage 

VCBO 

30 

Vdc 

Emitter-Base Voltage 

vebo 

3.0 

Vdc 

Collector Current — Continuous 

'c 

50 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.5 

Watt 

Derate above 25°C 


12.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj» Tgtg 
1 

- 55 to -1-150 

°C 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

X/W 

Thermal Resistance, Junction to Ambient 

R&jAd) 

200 

°c/w 


n) R^JA 's measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(IC = 1-0 mAdc, Ib = 0) 

V(BR)CEO 

30 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 100 AAdc, Ie = 0) 

V(BR)CBO 

30 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 100 AiAdc, Ic = 0) 

V(BR)EBO 

3.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 10 Vdc, Ie = 0) 

ICBO 

— 

100 

nAdc 

Emitter Cutoff Current 
(Vbe = 2.0 Vdc, Ic = 0) 

Iebo 

— 

500 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 100 /LtAdc, VcE = 10 Vdc) 

dC = 2.0 mAdc, Vqe = 10 Vdc) j 

hPE 

30 

50 

700 

— 

Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ib = 1.0 mAdc) 

VcE(sat) 

— 

0.4 

Vdc 

Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 

VBE(sat) 

— 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VcE = 10 Vdc, f = 20 MHz) 

fT 

100 

— 

MHz 

Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Ccb 

— 

5.0 

pF 

Small-Signal Current Gain 
dC = 2.0 mAdc, Vqe = 10 Vdc, f = 1.0 kHz) 

hfe 

50 

1500 

— 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N5400 

2N5401 

Unit 

Collector-Emitter Voltage 

VCEO 

120 

150 

Vdc 

Collector-Base Voltage 

VCBO 

130 

160 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

600 

mAdc 

Total Device Dissipation @ Ta = 25°C 

pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

pd 

1.5 

Watt 

Derate above 25°C 


12.0 

rnWrC 

Operating and Storage Junction 

Tj/ Tgtg 

-55 to +150 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

83.3 

X/W 

Thermal Resistance, Junction to Ambient 

R0JA 

200 

x/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max ] Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 1.0 mAdc, Ib = 0) 

2N5400 

2N5401 

V(BR)CEO 

120 

150 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dC = 100 fiAdc, Ie = 0) 

2N5400 


130 

— 



2N5401 


160 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

Vdc 

dE = 10 jaAdc, Ic = 0) 






Collector Cutoff Current 


•CBO 




(VcB = 100 Vdc, Ie = 0) 

2N5400 


— 

100 

nAdc 

(VcB = 120 Vdc, Ie = 0) 

2N5401 


— 

50 


(VcB = 100 Vdc, Ie = 0, Ta = 100X) 

2N5400 


— 

100 

fxAdc 

(VcB = 120 Vdc, Ie = 0, Ta = 100X) 

2N5401 


— 

50 


Emitter Cutoff Current 


'ebo 

_ 

50 

nAdc 

(Veb = 3.0 Vdc, Ic = 0) 







ON CHARACTERISTICS(I) 


DC Current Gain 


hpE 



_ 

dC = 1.0 mAdc, VcE = 5.0 Vdc) 

2N5400 


30 

_ 



2N5401 


50 

— 


dC = 10 mAdc, VcE = 5.0 Vdc) 

2N5400 


40 

180 



2N5401 


60 

240 


dC = 50 mAdc, Vce = 5.0 Vdc) 

2N5400 


40 

_ 



2N5401 


50 

— 


Collector-Emitter Saturation Voltage 


VcE(sat) 



Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 


— 

0.20 


(Ic = 50 mAdc, Ib = 5.0 mAdc) 



— 

0.5 


Base-Emitter Saturation Voltage 


VBE(sat) 



Vdc 

(IC = 10 mAdc, Ib = 1.0 mAdc) 



— 

1.0 


(Ic = 50 mAdc, Ib = 5.0 mAdc) 



— 

1.0 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, Vce = 10 Vdc, f = 100 Mhz) 2N5400 

2N5401 

fT 

100 

100 

400 

300 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Cobo 

— 

6.0 

PF 
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VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) hpE, CURRENT GAIN 


2N5400, 2N5401 


ELECTRICAL CHARACTERISTICS (continued) (T^ = 25°C unless otherwise noted.) 


Characteristic 



Max 

Unit 

Small-Signal Current Gain 

dc = 1.0 mAdc, VcE = 10 Vdc, f - 1.0 kHz) 2N5400 

2N5401 





Noise Figure 

dc = 250 /lAdc, VcE = 5.0 Vdc, I 

RS = 1.0 kohm, f = 10 Hz to 15.7 kHz) 






(1) Pulse Test; Pulse Width = 300 fxs, Duty Cycle = 2.0%. 


FIGURE 1 - DC CURRENT GAIN 



IC, COLLECTOR CURRENT (mA) 



0.005 0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 

iB, BASE CURRENT (mA) 



0.3 0.2 0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

Vbe, BASE-EMITTER VOLTAGE (VOLTS) 
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V. VOLTAGE (VOLTS) 


2N5400, 2N5401 


FIGURE 4 - "ON” VOLTAGES 


FIGURE 5 - TEMPERATURE COEFFICIENTS 


Tj = -550Cto 1350 c 


tVCE(SAT)@ lc/lB*10 • 


1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 

IC, COLLECTOR CURRENT (mA) 


FIGURE 6 - SWITCHING TIME TEST CIRCUIT 


w 1 0 /iS ^1 

INPUT PULSE 


tr,tf<10ns 

Outy Cycle® 1.0% -zir 
Values Shown are for Ic @ 10 mA 




0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 8 - TURN-ON TIME 


FIGURE 9 - TURN-OFF TIME 


ill — 



0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 200 

Ic, COLLECTOR CURRENT (mA) 



BBilSEIEi:!B»BSBs!^sssssi:::ssl 



l■■■lllll 

iwnmnilllllll 


0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 

Ic, COLLECTOR CURRENT (mA) 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N5550 

2N5551 

Unit 

Collector-Emitter Voltage 

VCEO 

140 

160 

Vdc 

Collector-Base Voltage 

VCBO 

160 

180 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

Vdc 

Collector Current — Continuous 

ic 

600 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

pd 

1.5 

Watt 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

- 55 to + 1 50 

1 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

125 

X/W 

Thermal Resistance, Junction to Ambient 

P^JAd) 

357 

°CA/V 


(1) R^ja is measured with the device soldered into a typical printed circuit board. 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic ~T Symbol I Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 

(Ic = 1.0 mAdc, Ib == 0) 

2N5550 

2N5551 

V(BR)CE0 

140 

160 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dc = 100 AAdc, Ie = 0) 

2N5550 


160 

— 



2N5551 


180 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

6.0 

— 

Vdc 

(Ie = 10 AAdc, Ic = 0) 






Collector Cutoff Current 


iCBO 




(VcB = 100 Vdc, Ie = 0) 

2N5550 


— 

100 

nAdc 

(VcB = 120 Vdc, Ie = 0) 

2N5551 


— 

50 


(VcB = 100 Vdc, Ie = 0, Ta = 100°C) 

2N5550 


— 

100 

^Adc 

(VcB = 120 Vdc, Ie = 0, Ta = 100°C) 

2N5551 


— 

50 


Emitter Cutoff Current 


Iebo 

— 

50 

nAdc 

(Veb = 4.0 Vdc, Ic = 0) 







ON CHARACTERISTICS(2) 


DC Current Gain 


hpE 





(Ic = 1.0 mAdc, VcE = 5.0 Vdc) 

2N5550 


60 

— 



2N5551 


80 

— 


(Ic = 10 mAdc, VcE = 5.0 Vdc) 

2N5550 


60 

250 



2N5551 


80 

250 


dc = 50 mAdc, VcE = 5.0 Vdc) 

2N5550 


20 




2N5551 


30 

— 


Collector-Emitter Saturation Voltage 


VCE(sat) 



Vdc 

dc == 10 mAdc, Ib = 1.0 mAdc) 

Both Types 

— 

0.15 


dc = 50 mAdc, Ib = 5.0 mAdc) 

2N5550 




0.25 


2N5551 


— 

0.20 


Base-Emitter Saturation Voltage 


VBE(sat) 



Vdc 

(Ic = 10 mAdc, Ib = 1.0 mAdc) 

Both Types 

— 

1.0 


dc = 50 mAdc, Ib = 5.0 mAdc) 

2N5550 




1.2 



2N5551 


— 

1.0 



(2) Pulse Test: Pulse Width = 300 as, Duty Cycle = 2.0%. 
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VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2N5550, 2N5551 
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2N5771 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

Vdc 

Collector-Base Voltage 

VCBO 

15 

Vdc 

Emitter-Base Voltage 

Vebo 

4.5 

Vdc 

Collector Current — Continuous 

ic 

50 

mA 

Total Device Dissipation @ T/\ = 25°C 

Pd 

350 

Watts 

Derate above 25°C 


2.8 

rnW/X 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

Tj' Tstg 

-55 to +150 

X 

Temperature Range 



Lead Temperature 

Tl 

260 

X 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 



SWITCHING TRANSISTOR 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbd { Min I Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Iq = 3.0 mA)(1) 

V(BR)CEO 

15 

— 

Vdc 

Collector-Emitter Breakdown Voltage {\q = 100 ixA) 

V(BR)CES 

15 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 100 fiA) 

V(BR)CBO 

15 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ig = 100 fxA) 

V{BR)EBO 

4.5 

_ 

Vdc 

Collector Cutoff Current (Vqb = 8.0 Vdc) 

'CBO 

— 

10 

nA 

Collector Cutoff Current (Vce = 8.0 Vdc) 

Ices 

_ 

10 

nA 

(VcE = 8.0 Vdc, Ta = 125X) 


— 

5.0 

fxA 

Emitter Cutoff Current (V0 e = 4.5 Vdc) 

Iebo 

- 

1.0 

aA 


ON CHARACTERISTICS 


DC Current Gain (Ic = 1.0 mA, VcE = 0.5 Vdc)(1) 

dC = 10 mA, VcE = 0.3 Vdc)(1) 
dC = 50 mA, VcE = 1-0 Vdc)(1) 
dC = 10 mA, VcE = 0.3 Vdc. Ta = -55X) 

hpE 

35 

50 

40 

20 

120 

z 


Collector-Emitter Saturation Voltage(l) (Ic = 1.0 mA, |0 = 0.1 mA) 

VCE(sat) 

— 

0.15 

Vdc 

dC = 10 mA, l0 = 1.0 mA) 


— 

0.18 


dC = 50 mA, l0 = 5.0 mA) 


— 

0.6 


Base-Emitter Saturation Voltaged) dc = 1-0 mA, |0 = 0.1 mA) 

VBE(sat) 

— 

0.8 

Vdc 

dC = 10 mA, |0 = 1.0 mA) 


0.75 

0.95 


dc = 50 mA, |0 = 5.0 mA) 


— 

1.5 



SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(VcB = 5.0 Vdc, f = 140 kHz) 

Ccb 

— 

3.0 

pF 

Emitter-Base Capacitance 
(V0E = 0.5 Vdc, f = 140 kHz) 

^eb 

— 

3.5 

PF 

Small-Signal Current Gain 
dc = 10 mA, VcE = 10 Vdc, f = 100 MHz) 

hfe 

8.5 

— 

— 


SWITCHING CHARACTERISTICS 


Storage Time 

dc = 10 mA, l0i « l02 10 mA) 

Is 

— 

20 

ns 

Turn-On Time 
dc = 10 mA, 10 = 1.0 mA) 

Ion 

— 

15 

ns 

Turn-Off Time 

(Ic = 10 mA, l0i = |02 = 1.0 mA) 

toff 

— 

20 

ns 


(1) Pulse Conditions: Pulse Length = 300 ^is, Duty Cycle = 1.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

12 

Vdc 

Collector Current — Continuous 

fc 

500 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mwrc 

Total Device Dissipation @ Tq = 25°C 

pd 

1.5 

Watts 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj- Tstg 

- 55 to -1-150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 


200 

°c/w 


(1) R^ja is measured with the device soldered into a typical printed circuit board. 


2N6426 
2N6427 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

Collector 3 

3 Emitter 1 

DARLINGTON TRANSISTORS 

NPN SILICON 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Vpltage(2) 

(\q - 10 mAdc, Vbe == 01 

V(BR)CES 

40 

— 

- 

Vdc 

Collector-Base Breakdown Voltage 
dC = 100 ixAdc, Ie = 0) 

V{BR)CBO 

40 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 inAdc, Ic = 0) 

V(BR)EBO 

12 

— 

— 

Vdc 

Collector Cutoff Current 
(VcE = 25 Vdc, Ib = 0) 

>ceo 

— 

— 

1.0 

fiAdc 

Collector Cutoff Current 
(VcB = 30 Vdc, Ie = 0) 

ICBO 

_ 

— 1 

50 

nAdc 

Emitter Cutoff Current 
(Vbe = 10 Vdc, Ic = 0) 

lEBO 

— 

— 

50 

nAdc 


ON CHARACTERISTICS 


DC Current Gain(2) 


hpE 




— 

dC = 10 mAdc, VcE = 5.0 Vdc) 

2N6426 


20,000 

— 

200,000 



2N6427 


10,000 

— 

100,000 


dC = 100 mAdc, VcE = 5.0 Vdc) 

2N6426 


30,000 

_ 

300,000 



2N6427 


20,000 

— 

200,000 


dC = 500 mAdc, Vqe = 5.0 Vdc) 

2N6426 


20,000 



200,000 



2N6427 


14,000 

— 

140,000 


Collector-Emitter Saturation Voltage 


VCE(sat) 




Vdc 

(Ic = 50 mAdc, Ib = 0.5 mAdc) 


— 

0.71 

1.2 


(Ic = 500 mAdc, Ib = 0.5 mAdc) 



~ 

0.9 

1.5 


Base-Emitter Saturation Voltage 


VBE(sat) 

— 

1.52 

2.0 

Vdc 

(\q = 500 mAdc, Ib = 0.5 mAdc) 






Base-Emitter On Voltage 


VBE(on) 

— 

1.24 

1.75 

Vdc 

dC = 50 mAdc, VcE = 5.0 Vdc) 








SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

^obo 

— 

5.4 

7.0 

PF 

Input Capacitance 

(Vbe = 1-0 Vdc, Ic = 0, f = 1.0 mhz) 

o 

JO 

6 

1 

10 

15 

PF 
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en, NOISE VOLTAGE (nV) 


2N6426, 2N6427 
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Vj, TOTAL WIDEBAND NOISE VOLTAGE (nV) 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

50 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

vebo 

6.0 

Vdc 

Collector Current — Continuous 

ic 

200 

mAdc 

Total Device Dissipation @ Ta = 25°C 

pd 

625 

mW 

Derate above 25°C 


5.0 

mW/X 

Total Device Dissipation @ Tq = 25°C 

pd 

1.5 

Watts 

Derate above 25°C 


12 

mW/X 

Operating and Storage Junction 

Tj/ Tstg 

-55 to -1-150 

X 

Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

X/W 

Thermal Resistance, Junction to Ambient 

R0JA 

200 

x/w 

ELECTRICAL CHARACTERISTICS (Ta = 

25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 



Symbol I Min Max Unit 


Collector-Emitter Breakdown Voltage 
(Ic = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

50 

— 

Vdc 

Collector-Base Breakdown Voltage 
(Ic = 0.1 mAdc, Ie = 0) 

V(BR)CB0 

60 

— 

Vdc 

Collector Cutoff Current 

(VcE = 30 Vdc) 1 

•CEO 

— 

0.025 

fiA 

Collector Cutoff Current 
(VcB = 30 Vdc, Ie = 0) 

*CB0 

— 

0.01 

fiA 

Emitter Cutoff Current 
(Veb = 5.0 Vdc, Ic = 0) 

iebo 

— 

0.01 

fiA 


ON CHARACTERISTICS 


DC Current Gain 

(VcE = 5.0 Vdc, Ic = 0.01 mAdc) 

(VcE = 5.0 Vdc, Ic = 0.1 mAdc) 

(VcE = 5.0 Vdc, Ic = 1.0 mAdc) 

(VcE = 5.0 Vdc, Ic = 10 mAdc) 

hpE 

250 

250 

250 

250 

650 


Collector-Emitter Saturation Voltage 

VCE(sat) 



Vdc 

(Ic = 10 mAdc, Ib = 0.5 mAdc) 


— 

0.2 


(Ic =100 mAdc, Ib = 5.0 mAdc) 


— 

0.6 


Base-Emitter On Voltage 

VBE(on) 

0.56 

0.66 

Vdc 

dC = 1.0 mAdc, VcE = 5.0 Vdc) 






SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 1.0 mAdc, VcE = 5.0 V, f = 100 MHz) 

fT 

100 

700 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Cobo 

— 

3.0 

PF 

Input Capacitance 

(Veb = 0.5 Vdc, Ic = 0, f = l.o MHz) 

Cibo 

— 

8.0 
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2N6428, A 


ELECTRICAL CHARACTERISTICS (continued) (T^ = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Input Impedance 

dC = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

hie 

3.0 

30 

kn 

Voltage Feedback Ratio 
dc = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

hre 

2.0 

20 

X 10-4 

Small-Signal Current Gain 

dc = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) j 

hfe 

200 

800 

— 

Output Admittance 

dc = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

hoe 

5.0 

50 

^mhos 


NOISE FIGURE/TOTAL NOISE VOLTAGE CHARACTERISTICS 




NF Vj 
Max (1) 

NF Vt 
M ax (2) 

NF Vj 
Max (3) 

Unit 

Noise FigureA/oltage 

2N6428 

3.0 

18.1 

6.0 

5700 

3.5 

4.3 

dB 

nV 

(VcE = 5.0 V, Ic = 0.1 mA, Ta = 25°C) 

2N6428A 

2.0 

16.2 

4.0 

4600 

3.0 

4.1 

dB 

nV 


(1) Rs = 10 kil, BW = 1.0 Hz, f = 100 Hz 

(2) Rs = 50 ka BW = 15.7 kHz, f = 10 Hz-10 kHz 

(3) Rs = 500 a BW = 1.0 Hz, f = 10 Hz 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N6515 

2N6516 

2N6519 

2N6517 

2N6520 

Unit 

Collector-Emitter Voltage 

VCEO 

250 

300 

350 

Vdc 

Collector-Base Voltage 

VCBO 

250 

300 

350 

Vdc 

Emitter-Base Voltage 

2N6515, 2N6516, 2N6517 
2N6519, 2N6520 

Vebo 

6.0 

5.0 

Vdc 

Base Current 

■b 

250 

mAdc 

Collector Current — Continuous 

ic 

500 

mAdc 

Total Device Dissipation 
@ Ta = 25°C 

Derate above 25X 

pd 

0.625 

5.0 

Watt 

mW/°C 

Operating and Storage Junction 
Temperature Range 

^stg 

-55 to -t-150 

°C 

Lead Temperature 
>1/16" from case for 10 seconds 

tl 

260 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

X/W 

Thermal Resistance, Junction to Ambient 

R6/JA 

200 

x/w 


NPN 
2N6515 
thru 2N6517 
PNP 
2N6519 
2N6520 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 



HIGH VOLTAGE 
TRANSISTORS 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min [ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 1.0 mAdc, Ib = 0) 

2N6515 

2N6516, 2N6519 

2N6517, 2N6520 

V(BR)CEO 

250 

300 

350 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dC = 100 AiAdc, Ie = 0) 

2N6515 


250 

— 



2N6516, 2N6519 


300 

— 



2N6517, 2N6520 


350 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 



Vdc 

(Ie = 10 ^tAdc, Ic = 0) 

2N6515, 2N6516, 2N6517 


6.0 

— 



2N6519, 2N6520 


5.0 

— 


Collector Cutoff Current 


ICBO 



nAdc 

(VcB = 150 Vdc, Ie = 0) 

2N6515 


— 

50 


(VcB = 200 Vdc, Ie = 0) 

2N6516, 2N6519 


— 

50 


(VcB = 250 Vdc, Ie = 0) 

2N6517, 2N6520 


— 

50 


Emitter Cutoff Current 


Iebo 



nAdc 

(Veb = 5.0 Vdc, Ic = 0) 

2N6515, 2N6516, 2N6517 


— 

50 


(Veb = 4.0 Vdc, Ic = 0) 

2N6519, 2N6520 


— 

50 



ON CHARACTERISTICSd) 


DC Current Gain 

hPE 



_ 

dC = 1.0 mAdc, VcE = 10 Vdc) 2N6515 


35 

— 


2N6516, 2N6519 


30 

— 


2N6517, 2N6520 


20 

— 


dC = 10 mAdc, VcE = 10 Vdc) 2N6515 


50 

— 


2N6516, 2N6519 


45 

— 


2N6517, 2N6520 


30 

— 


dC = 30 mAdc, Vce = 10 Vdc) 2N6515 


50 

300 


2N6516, 2N6519 


45 

270 


2N6517, 2N6520 


30 

200 


dC = 50 mAdc, Vce = 10 Vdc) 2N6515 


45 

220 


2N6516, 2N6519 


40 

200 


2N6517, 2N6520 


20 

200 


dC = 100 mAdc, Vce = 10 Vdc) 2N6515 


25 

_ 


2N6516, 2N6519 


20 

— 


2N6517, 2N6520 


15 

— 
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NPN 2N6515 thru 2N6517, PNP 2N6519, 2N6520 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector-Emitter Saturation Voltage 

VCE(sat) 



Vdc 

(Ic = 10 mAdc, Ib = 1-0 mAdc) 

— 

0.30 


dc = 20 mAdc, Ib = 2.0 mAdc) 


— 

0.35 


dc = 30 mAdc, Ib = 3.0 mAdc) 


— 

0.50 


dc = 50 mAdc, Ib = 5.0 mAdc) 


— 

1.0 


Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

(Ic = 10 mAdc, Ib = 1-0 mAdc) 

— 

0.75 


(Ic = 20 mAdc, Ib = 2.0 mAdc) 


_ 

0.85 


dc = 30 mAdc, Ib = 3.0 mAdc) 


— 

0.90 


Base-Emitter On Voltage 

VBE(on) 

— 

2.0 

Vdc 

dc = 100 mAdc, VcE = 10 Vdc) 






SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product! 1) 
dc = 10 mAdc, VcE = 20 Vdc, f = 20 MHz) 

fT 

40 

200 

MHz 

Collector-Base Capacitance 
(VcB = 20 Vdc, Ie = 0, f = 1.0 MHz) 

^cb 

— 

6.0 

PF 

Emitter-Base Capacitance 

(Veb = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 2N6515 thru 2N6517 

2N6519, 2N6520 

^eb 

- 

80 

100 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 100 Vdc, VBE(off) = 2.0 Vdc, Ic = 50 mAdc, Ibi = 10 mAdc) 

1^0 n 

— 

200 

^lS 

Turn-Off Time 

(Vcc = 100 Vdc, Ic = 50 mAdc, Ibi == Ib 2 = 10 mAdc) 

toff 

— 

3.5 

/US 


(1) Pulse Test; Pulse Width ^ 300 /zs, Duty Cycle ^ 2.0%. 


NPN 


PNP 


2N6515,2N6516 


FIGURE 1 - DC CURRENT GAIN 


2N6519 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

IC, COLLECTOR CURRENT (mA) 



IC, COLLECTOR CURRENT (mA) 
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NPN 2N6515 thru 2N6517, PNP 2N6519, 2N6520 


I 

FIGURE 5 - TEMPERATURE COEFFICIENTS 


2N6515, 2N6516, 2N6517 



2N6519,2N6520 



2 


FIGURE 6 - CAPACITANCE 



NPN 


I 

FIGURE 7 - TURN-ON TIME 


PNP 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

iC, COLLECTOR CURRENT (mA) 


2N6519, 2N 6520 
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r(t) TRANSIENT THERMAL 
RESISTANCE (NORMALIZED) 


-9.2 V *— //-J 



1/2MSD7000 


Pulse Width 100 jus 

tr, tf < 5.0 ns i 

Duty Cycle < 1 .0% Approximately 

For PNP Test Circuit, Reverse All Voltage Polarities -1.35 V (Adjust for V0£(off) = 2.i 


FIGURE 10 - THERMAL RESPONSE 



t,TIME (ms) 





Ic, COLLECTOR CURRENT (mA) 


NPN 2N6515 thru 2N6517, PNP 2N6519, 2N6520 


FIGURE 11 - ACTIVE REGION SAFE OPERATING AREA 



VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 

F igure A 



Peak Pulse Power = Pp 


2 
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MAXIMUM RATINGS 


Rating 

Symbol 

BC 

174A,B 

BC 

171A,B 

BC 

172A,B 

Unit 

Collector-Emitter Voltage 

VCEO 

65 

45 

25 

Vdc 

Collector-Base Voltage 

VCBO 

80 

50 

30 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

Vdc 

Collector Current — Continuous 

ic 

100 

mAdc 

Total Device Dissipation 
@ Ta = 25°C 

Derate above 25°C 

Pd 

350 

2.8 

mW 

mW/°C 

Total Device Dissipation 
@ Tc = 25°C 

Derate above 25°C 

Pd 

00 

b b 

Watt 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj» Tstg 

- 55 to -1-150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, 

Junction to Case 

R0JC 

125 

°C/W 

Thermal Resistance, 

Junction to Ambient 

PeJA 

357 

°c/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic [ Symbol 

OFF CHARACTERISTICS 


BC171A, B 
BC172A, B, C 
BC174A, B 


CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 



AMPLIFIER TRANSISTORS 


NPN SILICON 

Refer to BC546 for graphs. 


Min I Typ | Max | Unit 


Collector-Emitter Breakdown Voltage 
dC = 2.0 mA, Ib = 0) 

BC174A,B 

BC171A,B 

BC172A,B 

V(BR)CEO 

65 

45 

25 

- 

- 

V 

Emitter-Base Breakdown Voltage 


V(BR)EBO 




V 

(Ie = 100 aA, Ic = 0) 

BC171A,B 


6.0 

— 

— 



BC172A,B 


6.0 

— 

— 



BC174A,B 


6.0 

— 

— 


Collector Cutoff Current 


•CES 




nA 

(VcE = 70 V, Vbe = 0) 

BC174A,B 



0.2 

15 


(VcE = 50 V, Vbe = o) 

BC171A,B 


— 

0.2 

15 


(VcE = 35 V, Vbe = 0) 

BC172A,B 


— 

0.2 

15 


(VcE = 30 V, Vbe = O) Ta = 125°c 


! 

i 

— 

— 

4.0 

IxA 


ON CHARACTERISTICS 


DC Current Gain 


hpE 





dC = 10 ixA, VcE = 5.0 V) 

BC171A/2A/4A 


— 

90 

— 



BC171B/2B/4B 


— 

150 

— 



BC172C 


— 

270 

— 


dC = 2.0 mA, VcE = 5.0 V) 

BC171A/2A/4A 


120 

180 

220 



BC171B/2B/4B 


180 

290 

460 



BC172C 


380 

520 

800 


dC = 100 mA, VcE = 5.0 V) 

BC171A/2A/4A 




120 





BC171B/2B/4B 


— 

180 

— 



BC172C 


— 

300 

— 


Collector-Emitter Saturation Voltage dc = 

10 mA, Ib = 0.5 mA) 

VcE(sat) 

— 

0.09 

0.25 

V 

dc = 

100 mA, Ib = 5.0 mA) 

— 

0.2 

0.6 


Base-Emitter Saturation Voltage (Ic = 10 mA, Ib = 0.5 mA) 

VBE(sat) 

— 

0.7 

— 

V 

Base-Emitter On Voltage dc = 2.0 mA, VcE = 5.0 V) 

VBE(on) 

0.55 

- 

0.7 

V 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 






BC171A, B, BC172A, B, C, BC174A, B 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted) 

Characteristic | Symbol | Min [ Typ | Max [ Unit 


DYNAMIC CHARACTERISTICS, SMALL-SIGNAL CHARACTERISTICS 


Current-Gain Bandwidth Product 
dC = 10 mA, VcE = 5.0 V, f = 100 MHz 

BC171A,B 

BC172A,B 

BC174A,B 

fT 

150 

150 

150 

300 

300 

300 

- 

MHz 

Output Capacitance 


^obo 

— 

1.7 

4.5 

pF 

(VcB = 10 V, Ic = 0, f = 1.0 MHz) 







Input Capacitance 


Cibo 

— 

10 

— 

pF 

(Vbe = 0.5 V, Ic = 0, f = 1.0 MHz) 







Small-Signal Current Gain 


^*fe 





dC = 2.0 mA, VcE = 5.0 V, f = 1.0 kHz) 

BC171A/2A/4A 


125 

220 

260 



BC171B/2B/4B 


240 

330 

500 



BC172C 


450 

600 

900 


Noise Figure 


NF 




dB 

dC = 0.2 mA, VcE = 5.0 V, Rs = 2.0 kohms. 

BC171A,B 


— 

2.0 

10 


f = 1.0 kHz, Af = 200 Hz) 

BC172A,B 


— 

2.0 

10 



BC174A,B 


— 

2.0 

10 
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MAXIMUM RATINGS 


Rating 

Symbol 

BC 

182 

BC 

183 

BC 

184 

Unit 

Collector-Emitter Voltage 

VCEO 

50 

30 

30 

Vdc 

Collector-Base Voltage 

VCBO 

60 

45 

45 

Vdc 

Emitter-Base Voltage 

vebo 

6.0 

Vdc 

Collector Current - Continuous 

ic 

100 

mAdc 

Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

pd 

350 

2.8 

mW 

mW/°C 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

pd 

1.0 

8.0 

Watt 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

- 55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

125 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

357 

°c/w 


BC182, A, B 
BC183, A, B, C 
BC184, B, C 


CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 



AMPLIFIER TRANSISTORS 


NPN SILICON 

Refer to BC237 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min j Typ | Max j Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 2.0 mA, Ib = 0) 

BC182 

BC183 

BC184 

V(BR)CEO 

50 

30 

30 

- 

- 

V 

Collector-Base Breakdown Voltage 


V(BR)CBO 




V 

dC = Ie = 0) 

BC182 


60 

— 

— 



BC183 


45 

— 

— 



BC184 


45 

— 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

6.0 

— 

— 

V 

(Ie = 100 aA, Ic = 0) 







Collector Cutoff Current 


>CBO 




nA 

(VcB = 50 V, Vbe = 0) 

BC182 


— 

0.2 

15 


(VCB = 30 V, Vbe = o) 

BC183 


— 

0.2 




BC184 


— 

0.2 

15 


Emitter-Base Leakage Current 


Iebo 

— 

— 

15 

nA 

(Veb = 4.0 V, Ic = 0) 








ON CHARACTERISTICS 


DC Current Gain 



hpE 





dC = 10 aA, VcE = 5.0 V) 


BC182 


40 

— 

— 




BC183 


40 

— 

— 




BC184 


100 

— 

— 


dC = 2.0 mA, VcE = 5.0 V) 


BC182 


120 

— 

500 




BC183 


120 

_ 

800 




BC184 


250 

— 

800 


dC = 100 mA, VcE = 5.0 V) 


BC182 


80 

_ 






BC183 


80 

— 

— 




BC184 


130 

— 

— 


Collector-Emitter On Voltage 

dc = 

10 mA, Ib = 0.5 mA) 

VCE(sat) 

— 

0.07 

0.25 

V 


dc = 

100 mA, Ib = 5.0 mA)* 

— 

0.2 

0.6 


Base-Emitter Saturation Voltage 

dc = 

100 mA, Ib = 5.0 mA)* 

VBEIsat) 

— 

— 

1.2 

V 

Base-Emitter On Voltage 

dc = 

100 aA, Vce = 5.0 V) 

VBE(on) 

— 

0.5 

— 

V 


dc = 

2.0 mA, Vce = 5.0 V) 


0.55 

0.62 

0.7 



dc = 

100 mA, VcE = 5.0 V)* 


— 

0.83 

— 



*Pulse Test: Tp 300 s. Duty Cycle 2.0%. 
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BC182, A, B, BC183, A, B, C, BC184, B, C 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25X unless otherwise noted.) 


1 Characteristic 

1 Symbol | 

Min 

Typ 

1 Max 

1 Unit 1 

DYNAMIC CHARACTERISTICS 







Current-Gain Bandwidth Product 
dC = 0.5 mA, VcE = 3.0 V, f = 100 MHz) BC182 

BC183 

BC184 

dC = 10 mA, VcE = 5.0 V, f = 100 MHz) BC182 

BC183 

BC184 

fj 

150 

150 

150 

100 

120 

140 

200 

240 

280 



MHz 

Common Base Output Capacitance 

Cob 

— 

— 



(VcB = 10 V, Ic = 0, f = 1.0 MHz) 






Common Base Input Capacitance 

Cib 

— 

8.0 

— 

pF 

(Vbe = 0.5 V, Ic = 0, f = 1.0 MHz) 






Small-Signal Current Gain 

hfe 





dc = 2.0 mA, VcE = 5.0 V, f = 1.0 kHz) BC182 


125 

— 

500 


BC183 


125 

— 

900 


BC184 


240 

— 

900 


BC182A, BC183A 


125 

— 

260 


BC182B, BC183B, BC184B 


240 

— 

500 


BC183C, BC184C 


450 

— 

900 


Noise Figure 

NF 




dB 

dc = 0.2 mA, VcE = 5.0 V, Rs = 2.0 kohms. 






f = 30 Hz to 15 kHz) BC184 






dc = 0.2 mA, VcE = 5.0 V, Rs = 2.0 kohms. 


— 

2.0 

4.0 


f = 1.0 kHz, F = 200 Hz) BC182 


— 

2.0 

10 


BC183 


— 

2.0 

10 


BC184 


— 

2.0 

4.0 
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MAXIMUM RATINGS 


Rating 

Symbol 

BC 

212 

BC 

213 

BC 

214 

Unit 

Collector-Emitter Voltage 

VCEO 

50 

30 

30 

Vdc 

Collector-Base Voltage 

VCBO 

60 

45 

45 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

ic 

100 

mAdc 

Total Device Dissipation @Ta = 25°C 
Derate above 25°C 

pd 

350 

2.8 

mW 

mW/°C 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

pd 

1.0 

8.0 

Watt 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

— 55 to +1 50 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^^jc 

125 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

357 

°c/w 


BC212, A, B 
BC213, A, B, C 
BC214, B, C 

CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 

1 Collector 


3 Emitter 

AMPLIFIER TRANSISTORS 

PNP SILICON 

Refer to BC307 for graphs. 




ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 

Characteristic | Type \ Symbol ] Min | Typ | Max | Unit ~\ 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 2.0 mAdc, 1 b = 0) 

BC212 

BC213 

BC214 

V(BR)CEO 

50 

30 

30 

— 

-- 

Vdc 

Collector-Base Breakdown Voltage 


V{BR)CBO 




Vdc 

dC = lO^iA, lE = 0) 

BC212 


60 

— 

— 



BC213 


45 

— 

— 



BC214 


45 

-- 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 




Vdc 

(lE = 10^Adc, Ic = 0) 

BC212 


5 

— 

— 



BC213 


5 

— 

— 



BC214 


5 

— 

“ 


Collector-Emitter Leakage Current 


ICBO 




nAdc 

(VcB = 30 V) 

BC212 


— 

— 

15 



BC213 


— 

— 

15 



BC214 


— 

-- 

15 


Emitter-Base L3akage Current 


lEBO 




nAdc 

(Veb - 4 V, Ic = 0) 

BC212 


— 

— 

15 



BC213 


— 

— 

15 



BC214 



— 

15 



ON CHARACTERISTICS 


DC Current Gain 


hFE 





(IC = 10 ^Adc, VcE = 5 Vdc) 

BC212 


40 

— 

— 



BC213 


40 

— 

— 



BC214 


100 

— 

-- 


(ic = 2 mAdc, VcE = 5 Vdc) 

BC212 


60 

— 

— 



BC213 


80 

— 

— 



BC214 


140 

— 

600 


(Ic = 100 mAdc, VcE = 5 Vdc)* 

BC212, BC214 


— 

120 

— 



BC213 


-- 

140 

— 
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BC212, A, B, BC213, A, B, C, BC214, B, C 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted) 


Characteristic 

Type 

Symbol 

Min 

Typ 

Max 

Unit 

Collector-Emitter Saturation Voltage 
(IC = 10 mAdc, Ib = 0.5 mAdc) 

(IC = 100 mAdc, Ib "= 5 mAdc)* 


VCE(sat) 

- 

0.10 

0.25 

0.6 

Vdc 

Base-Emitter Saturation Voltage 
(IC = 100 mAdc, Ib = 5 mAdc) 


VBE(sat) 



1 .00 

1.4 

Vdc 

Base-Emitter on Voltage 
(IC = 2 mAdc, VcE = 5 Vdc) 


VBE(on) 

0.6 

0.62 

0.72 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain Bandwidth Product 
(IC = 10 mAdc, VcE = 5 Vdc, 
f = 50 MHz) 

BC212 

BC214 

BC213 

fT 

— 

280 

320 

360 

- 

MHz 

Common-Base Output Capacitance 


Cob 




PF 

(VcB = 10 Vdc, Ic = 0, f = MHz) 



— 

— 

6.0 


Noise Figure 


NF 




dB 

(Ic = 0.2 mAdc, VcE == 5 Vdc, 







RS = 2 Kohms, f = 30 Hz to 15 KHz) 

BC214 



— 

2 


(Ic = 0.2 mAdc, VcE ^ 5 Vdc, 







RS = 2 Kohms, f = 1 KHz, f = 200 Hz) 

BC21 3 


— 

— 

10 



BC212 



— 

10 


Small Signal Current Gam 


hfe 





(Ic = 2 mAdc, VcE = 5 Vdc, f = 1 KHz) 

BC212 


60 

— 

— 



BC213 


80 

— 

— 



BC214 


140 

— 

— 



BC212A, BC213A 


100 

— 

300 



BC212B, BC213B, 


200 

— 

400 



BC214B 


200 

— 

400 



BC21 3C, BC214C 


350 

-- 

600 



* Pulse-test; Tp 300 s, Duty-cycle 2%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

BC 

237 

BC 

238 

BC 

239 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

25 

25 

Vdc 

Collector-Emitter Voltage 

VCES 

50 

30 

30 

Vdc 

Emitter-Base Voltage 

vebo 

6.0 

5.0 

5.0 

Vdc 

Collector Current - Continuous 

ic 

100 

mAdc 

Total Device Dissipation @Ta = 25°C 
Derate above 25°C 

pd 

350 

2.8 

mW 

mW/°C 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

pd 

1.0 

8.0 

Watt 

mVJrC 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-55 to +150 

-^c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

125 

^C/\N 

Thermal Resistance, Junction to Ambient 

R6IJA 

357 

°C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 

Characteristic | Type | Symbol | Min. | Typ. | Max. | Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 

BC237 

V(BR)CE0 

45 



V 

(Ic = 2.0 mA, IB = 0) 

BC238 

25 





BC239 


25 




Emitter-Base Breakdown Voltage 

BC237 

V(BR)EBO 

6 



V 

(lE = 100 i.xA, Ic = 0) 

BC238 

5 





BC239 


5 




Collector Cutoff Current 







(VCE = 30 V, Vbe = 0) 

BC238 

»CES 


0.20 

1 5 

nA 

(VCE = 50 V, Vbe - o) 

BC239 

BC237 



0.20 

0.20 

15 

15 


(VcE = 30 V, Vbe = O) Ta = 125°c 

BC238 



0.20 

4 


(VcE = 50 V, Vbe = 0) Ta = 1 25 °c 

BC239 

BC237 



0.20 

0.20 

4 

4 



ON CHARACTERISTICS 


DC Current Gain 
dC = 10 ^A, Vce = 5 V) 

dC = 2 mA, Vce = 5 V) 

(Ic = 100 mA, Vce = 5 V) 

BC237A/238A 

BC237B/238B/239B 

BC237C/238C/239C 

BC237 

BC238 

BC239 

BC237A/238A 

BC237B/238B/239B 

BC237C/238C/239C 

BC237A/238A 

BC237B/238B/239B 

BC237C/238C/239C 

hPE 

120 

120 

120 

120 

200 

380 

90 

150 

270 

170 

290 

500 

120 

180 

300 

800 

800 

800 

220 

460 

800 


Collector-Emitter On Voltage 


mm 





(IC = 10 mA, 1 b = 0.5 mA) 

BC237/BC238/BC239 



0.07 

0.20 

V 

(Ic = 100 mA, Ib = 5 mA) 

BC237/BC239 



0.20 

0.60 



BC238 




0.8 


Base-Emitter Saturation Voltage 







dC = 10 mA, Ib = 0.5 mA) 




0.60 

0.83 

V 

(Ic = 100 mA, Ib = 5 mA) 


■mil 



1.05 


Base-Emitter On Voltage 






V 

dC = 100 ^lA, VcE = 5 V) 




0.50 



dC = 2 mA, Vce = 5 V) 



0.55 

0.62 

0.70 


(Ic = 100 mA, Vce = 5 V) 




0.83 
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BC237, A, B, C, BC238, A, B, C, BC239, B, C 


FIGURE 5 - BASE SPREADING RESISTANCE 
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MAXIMUM RATINGS 


Rating 

Symbol 

BC 

307 

BC 

308 

BC 

309 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

25 

25 

Vdc 

Collector-Base Voltage 

VCBO 

50 

30 

30 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

Ic 

100 

mAdc 

Total Device Dissipation @Ta = 25°C 
Derate above 25°C 

pd 

350 

2.8 

mW 

mW/°C 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

pd 

1.0 

8.0 

Watt 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

- 55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^JC 

125 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

357 

°c/w 


BC307, A, B, C 
thru 

BC309, A, B, C 

CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 

1 Collector 


3 Emitter 

AMPLIFIER TRANSISTORS 

PNP SILICON 




ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 

Characteristic | Type | Symbol | Min. [ Typ. | Max. | Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 2.0 mAdc, Ib = 0) 

BC307 

BC308 

BC309 

V(BR)CEO 

45 

25 

25 

- 

— 

Vdc 

Emitter-Base Breakdown Voltage 

BC307 

V(BR)EBO 

5 

— 

_ 

Vdc 

(lE = 100 i^Adc, Ic = 0) 

BC308 


5 

— 

— 

Vdc 


BC309 


5 

— 

— 


Collector-Emitter Leakage Current 


Ices 




nA 

(VCES = 50 V, Vbe = 0) 

BC307 



0.2 

1 5 


(VcES = 30 V, Vbe = o) 

BC308 



0.2 

15 



BC309 



0.2 

15 


(VcES = 50 V, Vbe = 0) Ta = 1 25 

BC307 



0.2 

4.0 

fiA 

(VcES = 30 V, Vbe = O) Ta = 125°C 

BC308 



0.2 

4.0 



BC309 



0.2 

4.0 



ON CHARACTERISTICS 


DC Current Gain 


hFE 





dC = 10 ^Adc, VcE = 5 Vdc) 

BC307A/308A/309A 


— 

90 

— 



BC307B/308B/309B 


— 

150 

— 



BC307C/308C/309C 


— 

270 

— - 


(Ic = 2 mAdc, VcE = 5 Vdc) 

BC307 


120 

— 

800 



BC308 


120 

, — 

800 



BC309 


120 

— 

800 



BC307A/308A/309A 


120 

170 

220 



BC307B/308B/309B 


200 

290 

460 



BC307C/308C/309C 


420 

500 

800 


(Ic = 100 mAdc, VcE = 5 Vdc) 

BC307A/308A/309A 


_ 

120 

— 



BC307B/308B/309B 


— 

180 

— 



BC307C/308C/309C 


— 

300 

— 


Collector-Emitter Saturation Voltage 


VCE(sat) 




Vdc 

(Ic = 10 mAdc, Ib = 0,5 mAdc) 


— 

0.10 

0.30 


(Ic = 10 mAdc, Ib = see Note 1) 



— 

0.30 

0.60 


(IC = 100 mAdc, Ib = 5 mAdc) 



— 

0.25 

— 


Base-Emitter Saturation Voltage 


VBE(sat) 




Vdc 

(Ic = 10 mAdc, Ib = 0.5 mAdc) 


— 

0.70 

— 


(Ic = 100 mAdc, Ib = 5 mAdc) 



— 

1.00 

— 


Base-Emitter on Voltage 


VBE(on) 




Vdc 

(Ic = 2 mAdc, VcE = 5 Vdc) 


0.55 

0.62 

0.70 



Note 1 : Ic = 10 mAdc on the constant base current characteristic, which yields the point Ic = 11 mAdc, Vqe = 1 V 
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BC307, A, B, C THRU BC309, A, B, C 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25 °C unless otherwise noted) 


Characteristic | Type | Symbol | Min. | Typ. | Max. [ Unit | 

DYNAMIC CHARACTERISTICS 


Current-Gain Bandwidth Product 
(IC = 10 mAdc, VcE = 5 Vdc, f = 50 MHz) 

BC307 

BC308 

BC309 

fT 

— 

280 

320 

360 

- 


Collector-Base Capacitance 


Ccbo 




PF 

(VcB = 10 Vdc, Ic = 0, f = 1 MHz) 



— 

— , 

6.0 


Noise Figure 


NF 





(Ic = 0.2 mAdc, VcE = 5 Vdc, 







RS = 2 Kohms, f = 30 Hz to 15 KHz) 

BC309 


— 

2 

4 


(Ic = 0.2 mAdc, VcE = 5 Vdc, 







RS = 2 Kohms, f = 1 KHz, f = 200 Hz) 

BC307 


— 

2 

10 



BC308 


— 

2 

10 



BC309 


— 

2 

4 



FIGURE 1 - NORMALIZED DC CURRENT GAIN 



FIGURE 2 - "SATURATION " AND "ON" VOLTAGES 



0.1 0.2 0 3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

IC. COLLECTOR CURRENT (mAdc) 


FIGURE 3 - CURRENT-GAIN-BANDWIDTH PRODUCT 



IC. COLLECTOR CURRENT (mAdc) 


FIGURE 4 - CAPACITANCES 
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hob. OUTPUT ADMITTANCE (OHMS) 


BC307, A, B, C THRU BC309, A, B, C 


FIGURE 5 - OUTPUT ADMITTANCE FIGURE 6 - BASE SPREADING RESISTANCE 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

Vdc 

Collector-Base Voltage 

VCBO 

50 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

Vdc 

Collector Current — Continuous 

'c 

100 

mAdc 

Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Pd 

350 

2.8 

mW 

mW/°C 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

1.0 

8.0 

Watt 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj/ Tstg 

— 55 to -t- 1 50 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

125 

°C/W 

Thermal Resistance, Junction to Ambient 

P0JA 

357 

°c/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mA, Ib = 0) 

V(BR)CEO 

45 

— 

— 

Vdc 

Collector-Emitter Breakdown Voltage 
dC = 100 fiA, Vbe = 0) 

V{BR)CES 

50 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 100 jaA, Ie = 0) 

V(BR)CBO 

50 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 100 fjiA, Ic = 0) 

V(BR)EBO 

6.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 20 V, Ie = 0) 

ICBO 

— 

— 

30 

nAdc 


ON CHARACTERISTICS 


Base-Emitter On Voltage 
dC = 2.0 mA, VcE = 5.0 V) 
dC = 10 mA, VcE = 5.0 V) 

VBE(on) 

0.57 

0.63 

0.72 

0.77 

Vdc 

Collector-Emitter Saturation Voltage 


VCE(sat) 

— 

0.14 

0.6 

Vdc 

dC = 100 mA, Ib = 5.0 mA) 







Base-Emitter Saturation Voltage 


VBE(sat) 




Vdc 

dC = 10 mA, Ib = 0.5 mA) 



— 

0.7 

— 


dC = 100 mA, Ib = 5.0 mA) 



— 

0.85 

— 


DC Current Gain 


hpE 





dC = lO/iiA, VcE = 5.0 V) 

BC317A 


— 

90 

_ 



BC317B 


40 

150 

— 


dC = 2.0 mA, VcE = 5.0 V) 

BC317A 


110 

180 

450 



BC317B 


200 

290 

450 
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BC317, A, B 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Typ [ Max | Unit 


SMALL-SIGNAL CHARACTERISTICS 


Spot Noise Figure 
dC = 200 aA, Vce = 5.0 V, 

RS = 2.0 kn, f = 1.0 kHz, BW = 200 Hz) 

NF 

— 

2.0 

6.0 

dB 

Output Capacitance 
(VcB = 10 V, Ie = 0, f = 1.0 MHz) 

^ob 

— 

2.5 

4.0 

PF 

Input Capacitance 
(Veb = 0.5 V, Ic = 0, f = 1.0 MHz) 

O^ib 

— 

11.5 

— 

PF 

Current-Gain Bandwidth Product 
dc = 10 mA, Vce = 5.0 V) 

h 

— 

280 

— 

MHz 

Voltage Feedback Ratio 
dc = 2.0 mA, Vce = 5.0 V, f = 1.0 kHz) 

^re 

— 

2.0 

— 

X10-4 

Input Impedance 

dc = 2.0 mA, Vce = 5.0 V, f = 1.0 kHz) 

*^ie 

— 

5.0 

— 

Kohms 

Output Admittance 

dc = 2.0 mA, Vce = 5.0 V, f = 1.0 kHz) 

^oe 

— 

20 

— 

/xmhos 

Small-Signal Current Gain 
dc = 2.0 mA, Vce = 5.0 V, f = 1.0 kHz) BC317A 

BC317B 

*^fe 

125 

240 

220 

330 

260 

500 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

Vdc 

Collector-Base Voltage 

VCBO 

50 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

Vdc 

Collector Current — Continuous 

ic 

150 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tc = 25°C 


1.5 

Watt 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 

Tstg 

-55 to -1-150 

X 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

X/W 

Thermal Resistance, Junction to Ambient 

P^JA 

200 

x/w 


ELECTRICAL CHARACTERISTICS (Tj\ = 25°C unless otherwise noted.) 

Characteristic I Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mA, Ib = 0) 

V(BR)CEO 

45 

— 

— 

Vdc 

Collector-Emitter Breakdown Voltage 
dC = 100 aA, Vbe = 0) 

V(BR)CES 

50 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 100 aA, Ie = 0) 

V(BR)CBO 

50 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 100 aA, Ic = 0) 

V(BR)EBO 

6.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 20 V, Ie = 0) 

■CBO 

— 

— 

30 

nAdc 


ON CHARACTERISTICS 


Base-Emitter On Voltage 
dC = 2.0 mA, VcE = 5.0 V) 
dC = 10 mA, VcE = 5.0 V) 

VBE(on) 

0.57 

0.68 

0.72 

0.77 

Vdc 

Collector-Emitter Saturation Voltage 

VCE(sat) 

— 

0.35 

0.5 

Vdc 

dC = 100 mA, Ib = 5.0 mA) 






Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dC = 10 mA, Ib = 0.5 mA) 


— 

0.77 

— 


dC = 100 mA, Ib = 5.0 mA) 


— 

0.99 

— 


DC Current Gain 

hpE 





dC = 10 /xA, VcE = 5.0 V) BC320A 


— 

50 

— 


BC320B 


40 

100 

— 


dC = 2.0 mA, VcE = 5.0 V) BC320 


110 

— 

450 


BC320A 


110 

— 

220 


BC320B 


200 

— 

450 
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MAXIMUM RATINGS 


Rating 

Symbol 

BC327 

BC328 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

25 

Vdc 

Collector-Base Voltage 

VCBO 

50 

30 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

800 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

1.5 

Watt 

Derate above 25°C 


12 

mwrc 

Operating and Storage Junction 

Tj/ Tstg 

- 55 to +150 

"C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R6IJC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R6/JA 

200 

x/w 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Typ [ Max | Unir 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mA, Ib = 0) 

BC327 

BC328 

V(BR)CEO 

45 

25 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage 


V(BR)CES 




Vdc 

dC = 100 aiA, Ie = 0) 

BC327 


50 

— 

— 



BC328 


30 

— 

— 


Emitter-Base Breakdown Voltage 


V{BR)EBO 

5.0 

— 

_ 

Vdc 

(Ie = 10 aA, Ic = 0) 







Collector Cutoff Current 


ICBO 




nAdc 

(VcB = 30 V, Ie = 0) 

BC327 


— 

— 

100 


(VcB = 20 V, Ie = 0) 

BC328 


— 

— 

100 


Collector Cutoff Current 


■CES 




nAdc 

(VcE == 45 V, Vbe = 0) 

BC327 


— 

1 

100 


(VcE = 25 V, Vbe = 0) 

BC328 


— 

— 

100 


Emitter Cutoff Current 


'ebo 

— 

— 

100 

nAdc 

(Veb = 4.0 V, Ic = 0) 








ON CHARACTERISTICS 


DC Current Gain 

dC = 100 mA, VcE = 10 V) BC327/BC328 

BC327-16/BC328-16 

BC327-25/BC328-25 

BC327-40/BC328-40 

dC = 300 mA, VcE = 1-0 V) 

hpE 

100 

100 

160 

250 

40 

— 

630 

250 

400 

630 


Base-Emitter On Voltage 
dC = 300 mA, VcE = 10 V) 

VBE(on) j 

— 

— 

1.2 

Vdc 

Collector-Emitter Saturation Voltage 
dC = 500 mA, Ib = 50 mA) 

VcE(sat) 

— 

— 

0.7 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 10 V, Ie = 0, f = 1.0 MHz) 

Cob 

— 

11 


PF 

Current-Gain Bandwidth Product 
dC = 10 mA, VcE = 5.0 V) 

^T 1 

— 

260 

— 

MHz 
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VcE, COLLECTOR-EMITTER VOLTAGE (Volts) COLLECTOR CURRENT (mA) 
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MAXIMUM RATINGS 


Rating 

Symbol 

BC337 

BC338 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

25 

Vdc 

Collector-Base Voltage 

VCBO 

50 

30 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

800 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.5 

Watt 

Derate above 25°C 


12 

mW/X 

Operating and Storage Junction 

Tj' ^stg 

- 55 to -1-150 

X 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

X/W 

Thermal Resistance, Junction to Ambient 

RejA 

200 

x/w 


ELECTRICAL CHARACTERISTICS (T^ ^ 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | UnjT 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 10 mA, Ib = 0) 

BC337 

BC338 

V(BR)CE0 

45 

25 

- 

^ - 

Vdc 

Collector-Emitter Breakdown Voltage 


V(BR)CES 




Vdc 

dC = 100 aA, Ie = 0) 

BC337 


50 

— 

— 



BC338 


30 

— 

— 


Emitter-Base Breakdown Voltage 


V(BR)EB0 

5.0 

— 

— 

Vdc 

(Ie = 10 aA, Ic = 0) 







Collector Cutoff Current 


ICBO 




nAdc 

(VcB = 30 V, Ie = 0) 

BC337 


— 

— 

100 


(VcB = 20 V, Ie = 0) 

BC338 


— 

— 

100 


Collector Cutoff Current 


Ices 




nAdc 

(VcE = 45 V, Vbe = 0) 

BC337 


— 

— 

100 


(VcE = 25 V, Vbe = 0) 

BC338 


— 

— 

100 


Emitter Cutoff Current 


'ebo 

— 

— 

100 

nAdc 

(Veb = 4.0 V, Ic = 0) 








ON CHARACTERISTICS 


DC Current Gain 

dC = 100 mA, VcE = 10 V) BC337/BC338 

BC337-16/BC338-16 

BC337-25/BC338-25 

BC337-40/BC338-40 

dC = 300 mA, VcE = 1-0 V) 

hpE 

100 

100 

160 

250 

60 

— 

630 

250 

400 

630 

— 

Base-Emitter On Voltage 
dc = 300 mA, VcE = 1-0 V) 

VBE(on) 

— 

— 

1.2 

Vdc 

Collector-Emitter Saturation Voltage 
dc = 500 mA, Ib = 50 mA) 

VCE(sat) 

— 

— 

0.7 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 10 V, Ie = 0, f = 1.0 MHz) 

Cob 


15 

— 

PF 

Current-Gain Bandwidth Product 
dc = 10 mA, VcE = 5.0 V) 

fr 


210 

— 

MHz 
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Q\], TEMPERATURE COEFFICIENTS (mV/“C) 


BC337, -16, -25, -40, BC338, -16, -25, -40 



1 10 100 1000 
Ic, COLLECTOR CURRENT (mA) 


FIGURE 7 - CAPACITANCES 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

20 

Vdc 

Collector- Emitter Voltage 

VCES 

25 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

ic 

1.0 

Adc 

Total Device Dissipation @Ta = 25°C 
Derate above 25°C 

pd 

800 

6.4 

mW 

mW/°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

pd 

2.75 

22 

Watt 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rf^jc 

45 

®C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

156 

°c/w 

ELECTRICAL CHARACTERISTICS (Ta - 

25°C unless otherwise noted.) 


Characteristic | Symbol 



Min 


Typ 


Max Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mA, Ib = 0) 

V(BR)CEO 

20 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

25 

— 

— 

Vdc 

dC = 100 aA, Ie = 0) 






Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

— 

Vdc 

(Ie - 100 aA, Ic = o) 






Collector Cutoff Current 

ICBO 





(VcB = 25 V, Ie = 0) 


— 

— 

10 

A Adc 

(VcB = 25 V, Ie = 0, Tj - 150°C) 


— 

— 

1.0 

mAdc 

Emitter Cutoff Current 

Iebo 

— 

— 

10 

A Adc 

(Veb = 5.0 V, Ic = 0) 







ON CHARACTERISTICS 


DC Current Gain 
(VcE = 10 V, Ic = 5.0 mA) 

(VcE = 1-0 V, Ic = 0.5 A) 

(VcE = 1-0 V, Ic = 1.0 A) 

hPE 

50 

85 

60 

- 

375 


Bandwidth Product 

dC = 10 mA, VcE = 5.0 V, f = 20 MHz) 

fT 

65 

— 

— 

MHz 

Collector-Emitter Saturation Voltage 
dC = 1.0 A, Ib = 100 mA) 

VcE(sat) 

— 

— 

0.5 

V 

Base-Emitter On Voltage 
dC = 1.0 A, VcE = 1.0 V) 

VBE(on) 

— 

— 

1.0 

V 
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fj. CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) ^ VOLTAGE (VOLTS) CURRENT GAIN 



MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


2-97 






MAXIMUM RATINGS 


Rating 

Symbol 

BC 

372 

BC 

373 

Unit 

Collector-Emitter Voltage 

VCEO 

100 

80 

Vdc 

Collector-Base Voltage 

VCBO 

100 

80 

Vdc 

Emitter-Base Voltage 

vebo 

12 

Vdc 

Collector Current - Continuous 

ic 

1.0 

Adc 

Total Device Dissipation @T/\ = 25°C 

pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @Tc = 25°C 

pd 

1.5 

Watt 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rejc 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

200 

°C/W 


BC372, -16, -2S, 

-40 

BC373, -16, -25 

CASE 29-04, STYLE 1 
TO-92 (T0-226AA) 


Collector ; 

\ 

Base 


M ^ { k — Y 

) 

J/f 

r 

Emitter 1 

1 

HIGH VOLTAGE DARLINGTON 
TRANSISTORS 

NPN SILICON 



ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage* 
dC = 100 jLiAdc, Ib = 0) 

BC372 

BC373 

V(BR)CES 

100 

80 

- 


Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 




Vdc 

dC = 100 ^dc, Ie = 0) 

BC372 


100 

— 

— 



BC373 


80 

— 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

12 

— 

— 

Vdc 

(Ie = lO/iAdc, Ic = 0) 







Collector Cutoff Current 


ICBO i 




nAdc 

(VcB = 80 Vdc, Ie = 0) 

BC372 


— ■ 

— 

100 


(VcB = 60 Vdc, Ie = 0) 

BC373 


— 

— 

100 


Emitter Cutoff Current 


•ebo ' 

— 

— 

100 

nAdc 

(Vbe = 10 V, Ic = 0) 








ON CHARACTERISTICS* 


DC Current Gain 

dC = 250 mAdc, Vqe = 5.0 Vdc) plain range 

BC372, BC373-16 

BC372, BC373-25 

BC372 

(Ic = 100 mAdc, VcE = 5.0 Vdc) plain range 

BC372, BC373-16 

BC372, BC373-25 

BC372 

hPE 

8.0 

8.0 

20 

40 

10 

10 

25 

60 

, - 

160 

60 

160 

600 


Collector-Emitter Saturation Voltage 
dC = 250 mAdc, Ib = 0.25 mAdc) 

VcE(sat) 

— 

1.0 

1.1 

Vdc 

Base-Emitter Saturation Voltage 
dC = 250 mAdc, Ib = 0.25 mAdc) 

VBE(sat) 

— 

1.4 

2.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain Bandwidth Product 
dC = 100 mAdc, VcE = 5.0 Vdc, f = 20 MHz) 

fr 

100 

200 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Cob 

— 

10 

25 

PF 

Noise Figure 

dC = 1.0 mAdc, VcE = 5.0 Vdc, Rg = 100 kohm, F = 1.0 kHz) 

NF 

— 

2.0 

— 

dB 


*Pulse Test; Pulse Width = 300 ixs, Duty Cycle 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

BC 

413 

BC 

414 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

45 

Vdc 

Collector-Base Voltage 

VCBO 

45 

50 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

Ic 

100 

mAdc 

Total Device Dissipation @Ta = 25°C 

pd' 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Device Dissipation @Tc = 25°C 

pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

- 55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rpjc 

125 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

357 

°c/w 



ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 


Characteristic 


Symbol 


Min. 


Typ. 


Max. 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 10 mAdc, IB = 0) BC413 

BC414 

V(BR)CEO 

30 

45 



Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 




Vdc 

(Ic = 10 [xAdc, lE - 0) BC413 


45 




BC414 


50 




Emitter-Base Breakdown Voltage 

V(BR)EBO 




Vdc 

(lE = 10 pAdc, Ic = 0) 


5 




Collector Cutoff Current 

ICBO 





(VCB = 30 Vdc, lE = 0) 




15 

nAdc 

(VcB = 30 Vdc, lE = 0, Ta = + 125 °C) 




5 

nAdc 

Emitter Cutoff Current 

•ebo 




nAdc 

(Veb = 4 Vdc, Ic = 0) 




15 



ON CHARACTERISTICS 


DC Current Gain 

(Ic = 1 0 nAdc, VcE = 5 Vdc) BC41 3B/BC41 4B 

BC413C/BC414C 
(Ic = 2 mAdc, VcE = 5 Vdc) BC41 3B/BC414B 

BC413C/BC414C 

BC413/BC414 

hPE 

100 

100 

180 

380 

180 

150 

270 

290 

500 

350 

460 

800 

800 


Collector-Emitter Saturation Voltage 

VCE(sat) 




Vdc 

(Ic = 10 mAdc, Ib = 0.5 mAdc) 



0.075 

0.25 


(Ic = 10 mAdc, Ib = see note 1) 



0.3 

0.6 


(Ic = 100 mAdc, Ib = 5 mAdc, see note 2) 



0.25 

0.6 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

(Ic = 100 mAdc, Ib = 5 mAdc) 



1.1 



Base-Emitter On Voltage 

VBE(on) 




Vdc 

(Ic = 10 liAdc, VcE = 5 Vdc) 



0.52 



(Ic = 100 liAdc, VcE = 5 Vdc) 



0.55 



(Ic = 2 mAdc, VcE = 5 Vdc) 


0.55 

0.62 

0.75 



SMALL SIGNAL CHARACTERISTICS 


Current-Gain-Bandwidth Product 
(Ic = 1 0 mAdc, VcE = 5 Vdc, f = 1 00 MHz) 

fT 


250 



Collector-Base Capacitance 
(VCE.= 10 Vdc, lE = 0, f = 1 MHz) 

Ccbo 


2.5 


PF 

Noise Figure 

(Ic = 200 laAdc, VcE = 5 Vdc, Rs = 2 KQ, 
f = 30 Hz - 15 KHz) 

NF 


0.6 

2.5 

dB 


Note 1 : Ib is value for which Ic = 11 nriA at VcE = 1 V Note 2 : Pulse test = 300 |j,s - Duty cycle = 2% 
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MAXIMUM RATINGS 


Rating 

Symbol 

BC 

415 

BC 

416 

Unit 

Collector-Emitter Voltage 

VCEO 

35 

45 

Vdc 

Collector-Base Voltage 

VCBO 

45 

50 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

ic 

100 

mAdc 

Total Device Dissipation @Ta = 25°C 

pd 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Device Dissipation @Tc = 25°C 

pd 

1 

0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj. Tstg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rf^JC 

125 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

357 

°c/w 



ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 

Characteristic | Symbol | Min. | Typ. | Max. | Unit ] 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 10 mAdc, Ib = 0) BC415 

BC416 

V(BR)CE0 

35 

45 



Vdc 

Collector-Base Breakdown Voltage 

V(BR)CB0 




Vdc 

(Ic = 10 i^iAdc, lE = 0) BC415 


45 




BC416 


50 




Emitter-Base Breakdown Voltage 

V(BR)EBO 




Vdc 

(lE = 10 fxAdc, Ic = 0) 


5 




Collector Cutoff Current 

icbo 





(VcB = 30 Vdc, Ie = 0) 




1 5 

nAdc 

(VcB = 30 Vdc, Ie = 0, Ta = + 1 25 °C) 




5 

fiAdc 

Emitter Cutoff Current 

Iebo 




nAdc 

(Veb == 4 Vdc, Ic = 0) 




1 5 



ON CHARACTERISTICS 


DC Current Gain 

(Ic = 1 0 pAdc, VcE = 5 Vdc) BC41 5B/BC41 6B 

BC415C/BC416C 
(Ic = 2 mAdc, VcE = 5 Vdc) BC41 5B/BC41 6B 

BC415C/BC416C 

BC415/BC416 

hPE 

100 

100 

180 

380 

1 20 

150 

270 

290 

500 

350 

460 

800 

800 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ib = 0.5 mAdc) 

(Ic = 10 mAdc, Ib'= see note 1) 

(Ic = 100 mAdc, Ib = 5 mAdc, see note 2) 

VcE(sat) 


0.075 

0.3 

0.25 

0.25 

0.6 

Vdc 

Base-Emitter Saturation Voltage 
(IC = 100 mAdc, Ib = 5 mAdc) 

VBE(sat) 


1.1 


Vdc 

Base-Emitter On Voltage 
(IC = 10 fiAdc, VcE = 5 Vdc) 

(Ic = 100 (iAdc, VcE = 5 Vdc) 

(IC = 2 mAdc, VcE = 5 Vdc) 

VBE(on) 

0.55 

0.52 

0.55 

0.62 

0.75 

Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain-Bandwidth Product 
(Ic = 1 0 mAdc, VcE ^ 5 Vdc, f = 1 00 MHz) 

fT 


250 


MHz 

Collector-Base Capacitance 
(VCE = 10 Vdc, lE = 0, f = 1 MHz) 

Ocbo 


2.5 


pF 

Noise Figure 

(Ic = 200 pAdc, VcE = 5 Vdc, Rs = 2 KQ, 
f = 30 Hz - 15 KHz) 

NF 


0.5 

2.0 

dB 


Note 1 : Ib is value for which Iq = 11 rnA at VcE = 1 V Note 2 : Pulse test = 300 |j.s - Duty cycle = 2% 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


2-101 





MAXIMUM RATINGS 


Rating 

Symbol 

BC 

445 

BC 

447 

BC 

449 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

80 

100 

Vdc 

Collector-Base Voltage 

VCBO 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

ic 

300 

mAdc 

Total Device Dissipation @Ta = 25°C 
Derate above 25°C 

pd 

625 

5.0 

mW 

mW/°C 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

pd 

1.5 

12 

Watt 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

200 

°C/W 


BC445, A 
BC447, A, B 
BC449, A, B 

CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 



HIGH VOLTAGE TRANSISTORS 

NPN SILICON 


Refer to MPS8098 for graphs. 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage* 
dC = 1.0 mAdc, Ib = 0) 

BC445 

BC447 

BC449 

V(BR)CEO 

— 

60 

80 

100 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 


V{BR)CBO 




Vdc 

dC = 100 /aA, Ie = 0) 

BC445 


60 

— 

— 



BC447 


80 

_ 

— 



BC449 


100 

— 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

— 

Vdc 

(Ie = 10 /AAdc, Ic = 0) 







Collector Cutoff Current 


•CBO 




nAdc 

(VcB = 40 Vdc, Ie = 0) 

BC445 


— 

— 

100 


(VcB = 60 Vdc, Ie = 0) 

BC447 


— 

— 

100 


(VcB = 80 Vdc, Ie = 0) 

BC449 


— 

— 

100 



ON CHARACTERISTICS* 


DC Current Gain 


hpE 




— 

dC = 2.0 mA, VcE = 5.0 V) 

BC445/447/449 

50 

— 

460 



BC445A/447A/449A 


120 

— 

220 



BC447B/449B 


180 

_ 

460 


dC = 10 mA, VcE = 5.0 V) 

BC445/447/449 


50 

— 

— 



BC445A/447A/449A 


100 

— 

— 



BC447B/449B 


160 

— 

— 


dC = 100 mA, VcE = 5.0 V) 

BC445/447/449 


50 

— 

— 



BC445A/447A/449A 


60 

— 

— 



BC447B/449B 


90 

— 

— 


Collector-Emitter Saturation Voltage 


VCE(sat) 

— 

0.1 

0.25 

Vdc 

dC = 100 mAdc, Ib = 10 mAdc) 






Base-Emitter Saturation Voltage 


VBE(sat) 

— 

0.85 

— 

Vdc 

dC = 100 mAdc, Ib = 10 mAdc) 






Base-Emitter On Voltage 


VBE(on) 




Vdc 

dC = 2.0 mA, VcE = 5.0 V) 


0.55 

— 

0.7 


dC = 100 mA, VcE = 5.0 V)* 





0.8 

1.2 



DYNAMIC CHARACTERISTICS 


Current-Gain Bandwidth Product 

h 

100 

250 



MHz 

dC = 50 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 







*Pulse Test: Pulse Width ^ 300 /as, Duty Cycle 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 







MAXIMUM RATINGS 


Rating 

Symbol 

BC 

446 

BC 

448 

BC 

450 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

80 

100 

Vdc 

Collector-Base Voltage 

VCBO 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

ic 

300 

mAdc 

Total Device Dissipation @Ta = 25°C 
Derate above 25°C 

pd 

625 

5.0 

mW 

mW/°C 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

pd 

1.5 

12 

Watt 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj- Tstg 

-55 to +150 

•^c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

200 

°c/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ [ Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage* 
dc = 1.0 mAdc, Ib = 0) 

BC446 

BC448 

BC450 

V(BR)CEO 

60 

80 

100 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 




Vdc 

dc = 100 fiA, Ie = 0) 

BC446 


60 

— 

— 



BC448 


80 

— 

— 



BC450 


100 

— 

— 


Emitter-Base Breakdown Voltage 


V{BR)EBO 

5.0 

— 

— 

Vdc 

(Ie = 10 /xAdc, Ic = 0) 







Collector Cutoff Current 


'CBO 




nAdc 

(VcB = 40 Vdc, Ie = 0) 

BC446 


— 

— 

100 


(VcB = 60 Vdc, Ie = 0) 

BC448 


— 

— 

100 


(VcB = 80 Vdc, Ie = 0) 

BC450 


— 

— 

100 



ON CHARACTERISTICS* 


DC Current Gain 


hPE 





dc = 2.0 mA, VcE = 5.0 V) 

BC446/448/450 


50 

— 

460 



BC446A/448A/450A 


120 

— 

220 



BC446B/448B/450B 


180 

— 

460 


dc = 10 mA, VcE = 5.0 V) 

BC446/448/450 


50 

— 

— 



BC446A/448A/450A 


100 

— 

— 



BC446B/448B/450B 


160 

— 

— 


dc = 100 mA, VcE = 5.0 V) 

BC446/448/450 


50 

— 

— 



BC446A/448A/450A 


60 

— 

_ 



BC446B/448B/450B 


90 

1 

— 


Collector-Emitter Saturation Voltage 


VCE(sat) 

— 

0.125 

0.25 

Vdc 

(Ic = 100 mAdc, Ib = 10 mAdc) 






Base-Emitter Saturation Voltage 


VBE(sat) 

— 

0.85 

— 

Vdc 

dc = 100 mAdc, Ib = 10 mAdc) 






Base-Emitter On Voltage 


VBE(on) 




Vdc 

dc = 2.0 mA, VcE = 5.0 V) 



0.55 

— 

0.7 


dc = 100 mA, VcE = 5.0 V)* 



— 

0.76 

1.2 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 

h 

100 

200 

— 

MHz 

dc = 50 mAdc, Vce = 5.0 Vdc, f = 100 MHz) 







*Pulse Test: Pulse Width ^ 300 /jls, Duty Cycle 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


2-103 







MAXIMUM RATINGS 


Rating 

Symbol 

BC 

485 

BC 

487 

BC 

489 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

60 

80 

Vdc 

Collector-Base Voltage 

VCBO 

45 

60 

80 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

ic 

0.5 

Adc 

Total Device Dissipation @Ta = 25°C 
Derate above 25°C 

pd 

625 

5.0 

mW 

mW/°C 

Total Device Dissipation @Tc - 25°C 
Derate above 25°C 

pd 

1.5 

12 

Watt 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R6»JA 

200 

°c/w 


BC485, A, B, L 
BC487, A, B, L 
BC489, A, B, L 

CASE 29-04, STYLE 17 
TO-92 {TO-226AA) 



HIGH CURRENT TRANSISTORS 

NPN SILICON 


Refer to MPSA05 for graphs. 

ELECTRICAL CHARACTERISTICS (Jj\ = 25°C unless otherwise noted) 

Characteristic | Symbol | Min. | Typ. [ Max. | Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage* 
dC = 10 mAdc, Ib = 0) BC485 

BC487 

BC489 

V(BR)CEO 

45 

60 

80 

— 

- 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 




Vdc 

(Ic = 100 liAdc, lE = 0) BC485 


45 

— 

— 


BC487 


60 

— 

— 


BC489 


80 

— 

— 


Emitter-Base Breakdown Voltage 

V(BR)EBO 




Vdc 

(IE = 10 (lAdc, Ic = 0) 


5.0 

— 

— 


Collector Cutoff Current 

ICBO 




nAdc 

VcB = 30 Vdc - Ie == 0 BC485 


— 

— 

100 


VCB = 40 Vdc - lE = 0 BC487 


— 

— 

100 


VcB = 60 Vdc - lE = 0 BC489 



__ 

100 



ON CHARACTERISTICS* 


DC Current Gam 

(Ic = 10 mAdc - VcE = 2.0 Vdc) 
dC = 100 mAdc - VcE = 2.0 Vdc) 

BC485/487/489 

BC485L/487L/489L 

BC485A/487A/489A 

BC485B/487B/489B 

(Ic = 1 Adc - VcE = 5.0 Vdc)* 

hpE 

40 

60 

60 

100 

160 

1 5 

120 

160 

260 

400 

150 

250 

400 


Collector Emitter Saturation Voltage 
(Ic = 500 mAdc - Ib = 50 mAdc) 

(Ic = 1 Adc - Ib = 100 mAdc) i 

VCE(sat) 

- 

0.2 

0.3 

0.50 

Vdc 

Base Emitter Saturation Voltage 
(IC = 500 mAdc, Ib = 50 mAdc) 
dc = 1 Adc - Ib = 100 mAdc)* 

VBE(sat) 

— 

0.85 

0.90 

1.20 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 
dc = 50 mAdc, VcE = 2.0 Vdc, f = 100 MHz) 

fT 



200 



MHz 

Output Capacitance 
(VcB = 1 0 Vdc, lE = 0, f = 1 .0 MHz) 

Cob 



7 



PF 

Input Capacitance 

(VbE = 0.5 Vdc, Ic = 0, f = 1 .0 MHz) 

Cib 

— 

50 

— 

pF 


* Pulse test - Pulse width = 300 |as - Duty Cycle 2%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 






MAXIMUM RATINGS 


Rating 

Symbol 

BC 

486 

BC 

488 

BC 

490 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

60 

80 

Vdc 

Collector-Base Voltage 

VCBO 

45 

60 

80 

Vdc 

Emitter-Base Voltage 

vebo 

4.0 

Vdc 

Collector Current - Continuous 

ic 

0.5 

Adc 

Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

pd 

625 

5.0 

mW 

mW/°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

'’D 

1.5 

12 

Watt 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj^Tstg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^yjc 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

200 

°c/w 


BC486, A, B, L 
BC488, A, B, L 
BC490, A, B, L 

CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 



HIGH CURRENT TRANSISTORS 

PNP SILICON 


Refer to MPSA55 for graphs. 

ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 

Characteristic | Symbol | Min. [ Typ. [ Max. | Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage* 

(Ic - 10 mAdc, IB = 0) BC486 

BC488 

BC490 

V(BR)CEO 

45 

60 

80 

— 

- 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 




Vdc 

(Ic = 100 fiAdc, Ie = 0) BC486 


45 

— 

— 


BC488 


60 

— 

— 


BC490 


80 

~ 

— 


Emitter-Base Breakdown Voltage 

V(BR)EBO 




Vdc 

(lE = 10 liAdc, Ic = 0) 


4.0 

— 

— 


Collector Cutoff Current 

ICBO 




nAdc 

VcB = 30 Vdc - Ie = 0 BC486 


— 

— 

100 


VcB = 40 Vdc - lE = 0 BC488 


— 

— 

100 


VcB = 60 Vdc - lE = 0 BC490 


— 

— 

100 



ON CHARACTERISTICS* 


DC Current Gam 

(Ic = 1 0 mAdc - VcE = 2.0 Vdc) 

(Ic = 1 00 mAdc - VcE ^ 2.0 Vdc) 

BC486/488/490 

BC486L/488L/490L 

BC486A/488A/490A 

BC486B/488B/490B 

(Iq = 1 Adc — Vq£ = 50 Vdc) 

hpE 

40 

60 

60 

100 

160 

15 

100 

140 

260 

400 

150 

250 

400 


Collector Emitter Saturation Voltage 
(Ic = 500 mAdc - Ib = 50 mAdc) 

(Ic = 1 Adc - Ib =" 100 mAdc) 

VCE(sat) 

- 

0.25 

0.50 

0.50 

Vdc 

Base Emitter Saturation Voltage 
(Ic = 500 mAdc, Ib = 50 mAdc) 

(Ic = 1 Adc - Ib = 100 mAdc) 

VBE(sat) 

- 

0.90 

1.00 

1.20 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 
(Ic = 50 mAdc, VcE = 2.0 Vdc, f = 1 00 MHz) 

fT 

— 

1 50 

— 

MHz 

Output Capacitance 
(VcB = 1 0 Vdc, lE = 0, f = 1 .0 MHz) 

Oob 

— 

9 

— 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 1 .0 MHz) 

0ib 

— 

1 10 

— 

PF 


* Pulse test - Pulse width = 300 jis - Duty Cycle 2%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


2-105 





MAXIMUM RATINGS 


Rating 

Symbol 

BC517 

Unit 

Collector-Emitter Voltage 

VCES 

30 

Vdc 

Collector-Base Voltage 

VCB 

40 

Vdc 

Emitter-Base Voltage 

veb 

10 

Vdc 

Collector Current - Continuous 

•c 

1.0 

Adc 

Total Power Dissipation Ta = 25°C 

pd 

625 

mW 

Derate above 25°C 


12 

mW/°C 

Total Power Dissipation Tq = 25°C 

pd 

1.5 

Watts 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj.Tstg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

Roja 

200 

°C/W 

Thermal Resistance, Junction to Case 

R0JA 

83.3 

°c/w 


BC517, S 


CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 


Collector 1 

Emitter 3 


DARLINGTON TRANSISTORS 

NPN SILICON 


Refer to 2N6426 for graphs. 



ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min [ Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(IC = 2.0 mAdc, Vbe = 0) 

V(BR)CES 

30 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
dc = 10 ^Adc, Ie = 0) 

V(BR)CBO 

40 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 100 nAdc, Iq = 0) 

V{BR)EBO 

10 

— 

— 

Vdc 

Collector Cutoff Current 

(VcE = 30 V) BC517 

(VcE = 20 V) BC517S 

•CES 


- 

500 

5.0 

nA 

Collector Cutoff Current 
(VcB = 30 Vdc, Ie = 0) 

'CBO i 

1 


— 

100 

nAdc 

Emitter Cutoff Current 
(Vbe = 10 Vdc, ic = 0) 

iebo i 

— 


100 

nAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 
dc = 20 mAdc, Vqe = 2.0 V) 
dc = 180 mAdc, Vce = 1-2 V) BC517S 

»^FE 

30.000 

33.000 

1 


— 

Co Hector- Emitter Saturation Voltage 
dc = 100 mAdc, Ib = 0.1 mAdc) 

VcE(sat) 

— 

— 

1.0 

Vdc 

Base-Emitter On Voltage 
dc = 10 mAdc, Vce = 5.0 Vdc) 

VBE(on) 

— 

— 

1.4 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain-Bandwidth Product (2) 

fr 

— 

200 

— 

MHz 

dc = 10 mAdc, Vce = 5.0 Vdc, f = 100 MHz) 







(1) Pulse Test Pulse Width ^ 2.0%. 

(2) fj = |hfe| • ftest 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 





MAXIMUM RATINGS 


Rating 

Symbol 

BC 

546 

BC 

547 

BC 

548 

Unit 

Collector-Emitter Voltage 

VCEO 

65 

45 

30 

Vdc 

Collector-Base Voltage 

VCBO 

80 

50 

30 

Vdc 

Emitter-Base Voltage 

vebo 

6.0 

Vdc 

Collector Current - Continuous 

ic 

100 

mAdc 

Total Device Dissipation @Ta = 25°C 
Derate above 25°C 

pd 

625 

5.0 

mW 

mW/°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

pd 

1.5 

12 

Watt 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

- 55 to +150 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R6'JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

200 

°c/w 


BC546, A, B 
BC547, A, B, C 
BC548, A, B, C 

CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 



AMPLIFIER TRANSISTORS 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic I Symbol 1 Min I Typ I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mA, Ib = 0) 

BC546 

BC547 

BC548 

V(BR)CEO 

65 

45 

30 

- 

— 

V 

Collector-Base Breakdown Voltage 

BC546 

V(BR)CBO 

80 

— 

— 

V 

dC = 100 fxAdc) 

BC547 


50 

— 

— 



BC548 


30 

— 

— 


Emitter-Base Breakdown Voltage 

BC546 

V(BR)EBO 

6.0 

— 

— 

V 

(Ie = 10 Ic = 0) 

BC547 


6.0 

— 

— 



BC548 


6.0 

— 

— 


Collector Cutoff Current 


Ices 





(Vce = 70 V, vbe = o) 

BC546 


— 

0.2 

15 

nA 

(VcE = 50 V, Vbe = o) 

BC547 


— 

0.2 

15 


(Vce = 35 V, Vbe - o) 

BC548 


— 

0.2 

15 


(Vce = 30 V, Ta = 125°C) 

BC546/547/548 


— 

— 

4.0 

IxA 


ON CHARACTERISTICS 


DC Current Gain 

hPE 




_ 

dC = 10 ixA. Vce = 5.0 V) BC546A/547A/548A 


— 

90 

— 


BC546B/547B/548B 


— 

150 

— 


BC548C 


— 

270 

— 


dC = 2.0 mA, Vce = 5.0 V) BC546 


110 

— 

450 


BC547 


110 

— 

800 


BC548 


110 

— 

800 


BC546A/547A/548A 


110 

180 

220 


BC546B/547B/548B 


200 

290 

450 


BC547C/BC548C 


420 

520 

800 


dC = 100 mA, Vce = 5.0 V) BC546A/547A/548A 


— 

120 

— 


BC546B/547B/548B 


— 

180 

— 


BC548C 


— 

300 

— 


Collector-Emitter Saturation Voltage 

VCE(sat) 




V 

dC = 10 mA, Ib = 0.5 mA) 


— 

0.09 

0.25 


dC = 100 mA, Ib = 5.0 mA) 


— 

0.2 

0.6 


(Ic = 10 mA, Ib = See Note 1) 


— 

0.3 

0.6 


Base-Emitter Saturation Voltage 

VBE(sat) 

— 

0.7 


V 

dC = 10 mA, Ib = 0.5 mA) 






Base-Emitter On Voltage 

VBE(on) 




V 

dC = 2.0 mA, VcE = 5.0 V) 


0.55 

— 

0.7 


dC = 10 mA, VcE = 5.0 V) 


— 

— 

0.77 



NOTE 1 : Ib is value for which 10 = 11 mA at Vce = 1 -0 V. 
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VCE, COLLECTOR EMITTER VOLTAGE (V) rgQR'^ALlZEO DC CURRENT GAIN 
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VcE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 'TE, OC CURRENT GAIN (NORMALIZED) C CAPACITANCE (pF) 
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C. CAPACITANCE (pF) 


BC546, A, B, BC547, A, B, C, BC548, A, B, C 


BC546 


FIGURE 11 - CAPACITANCE 



FIGURE 12 - CURRENT GAIN-BANDWIDTH PRODUCT 
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MAXIMUM RATINGS 


Rating 

Symbol 

BC 

549 

BC 

550 

Unit 

Co I lector- Emitter Voltage 

VCEO 

30 

45 

Vdc 

Collector-Base Voltage 

VCBO 

30 

50 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

Ic 

100 

mAdc 

Total Device Dissipation @Ta = 25°C 

pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @Tc = 25°C 

pd 

1 

5 

Watt 

Derate above 25°C 


12 

mwrc 

Operating and Storage Junction 
Temperature Range 

Tj- Tstg 

-55 to +150 

°C 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

200 

°C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 

Characteristic | Symbol | Min. | Typ. | Max. | Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 10 mAdc, IB = 0) BC549 

BC550 

V(BR)CEO 

30 

45 



Vdc 

Collector-Base Breakdown Voltage 

V{BR)CBO 




Vdc 

dC = 10 fiAdc, Ie = 0) BC549 


30 




BC550 


50 




Emitter-Base Breakdown Voltage 

V(BR)EBO 

5 



Vdc 

(lE = 10 pAdc, Ic = 0) 






Collector Cutoff Current 

ICBO 





(VcB = 30 Vdc, lE = 0) 




15 

nAdc 

(VcB = 30 Vdc, lE = 0, Ta = + 125 °C) 




5 

pAdc 

Emitter Cutoff Current 

Iebo 




nAdc 

(Veb = 4 Vdc, Ic = 0) 




15 



ON CHARACTERISTICS 


DC Current Gain 

(Ic = 10 liAdc, VcE = 5 Vdc) BC549B/550B 

BC549C/550C 

(Ic = 2 mAdc, Vqf = 5 Vdc) BC549A/550A 

BC549B/550B 

BC549C/550C 

BC549/550 

hpE 

100 

100 

1 10 
200 
420 
110 

150 

270 

290 

500 

220 

450 

800 

800 


Collector-Emitter Saturation Voltage 

VCE(sat) 




Vdc 

(Ic = 10 mAdc, Ib = 0.5 mAdc) 



0.075 

0.25 


(Ic = 10 mAdc, Ib = see note 1) 



0.3 

0.6 


(Ic = 100 mAdc, Ib = 5 mAdc, see note 2) 



0.25 

0 6 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

(Ic = 100 mAdc, Ib = 5 mAdc) 



1.1 



Base-Emitter On Voltage 

VBE(on) 




Vdc 

dC = 10 ^lAdc, VcE = 5 Vdc) 



0.52 



(Ic = 100 pAdc, VcE = 5 Vdc) 



0.55 



(Ic = 2 mAdc, VcE = 5 Vdc) 


0.55 

0.62 

0.7 



SMALL SIGNAL CHARACTERISTICS 


Current-Gain-Bandwidth Product 
dC = 1 0 mAdc, VcE = 5 Vdc, f = 1 00 MHz) 

fT 


250 


MHz 

Collector-Base Capacitance 
(VcE = 10 Vdc, lE = 0, f = 1 MHz) 

Ccbo 


2.5 


PF 


Note 1 ; Ib is value for which Ic = 11 mA at VcE = 1 V Note 2; Pulse test = 300 jj-s - Duty cycle = 2% 
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hFE. NORMALIZED DC CURRENT GAIN 


BC549, A, B, C, BC550, A, B, C 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic Symbol 

Small-Signal Current Gain hfe 

dC = 2.0 mAdc, Vce = 5.0 V, f = 1.0 kHz) BC549/BC550 


Noise Figure 
dC = 200 /X. 



Symbol 

Min 

Typ 

Max 

BC549/BC550 

hfe 

125 


900 

BC549B/BC550B 


240 

330 

500 

BC549C/BC550C 


450 

600 

900 

= 30 Hz- 15 kHz) 

NFi 


0.6 

2.5 

= 1.0 kHz) 

NF2 

— 

— 

10 


FIGURE 1 - TRANSISTOR NOISE MODEL 





FIGURE 2 — NORMALIZED DC CURRENT GAIN 


_VcE= 10V _ 
Ta = 25 0C 



FIGURE 3 — "SATURATION" AND "ON" VOLTAGES 

'■“I — rrn niii — i 1 1 iiiii — rjiv 

09 Ta = 25 0C 

n.-.- i L.II 


\/BE(sat)(^ Ic/Ib = 10 


HilSSii!! 

^aini 




Ir, COLLECTOR CURRENT (mAdc) 


fVcE(sat)'“ IC/1B= 10 


IC, COLLECTOR CURRENT (mAdc) 
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fj, CURRENT GAIN - BANDWIDTH PRODUCT (MHz) 


BC549, A, B, C, BC550, A, B, C 


FIGURE 4 — CURRENT-GAIN BANDWIDTH PRODUCT 




04 06 1 0 2 0 4.0 10 20 40 

Vr, reverse voltage (Volts) 


FIGURE 6 — BASE SPREADING RESISTANCE 
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MAXIMUM RATINGS 


Rating 

Symbol 

BC 

556 

BC 

557 

BC 

558 

Unit 

Collector-Emitter Voltage 

VCEO 

65 

45 

30 

Vdc 

Collector-Base Voltage 

VCBO 

80 

50 

30 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

Ic 

100 

mAdc 

Total Device Dissipation @Ta = 25°C 
Derate above 25°C 

pd 

625 

5.0 

mW 

mW/°C 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

pd 

1.5 

12 

Watt 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

- 55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^^JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

200 

°C/\N 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 
Characteristic 


Symbol 



OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc = 2.0 mAdc, Iq = 0) 

BC556 

BC557 

BC558 

V(BR)CEO 

65 

45 

30 

- 

- 

V 

Collector-Base Breakdown Voltage 


V(BR)CB0 




V 

dc = 100 ^lAdc) 

BC556 


80 

— 

— 



BC557 


50 

— 

— 



BC558 


30 

— 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 




V 

(Ie = 100 fiAdc, Ic = 0) 

BC556 


5.0 

— 

— 



BC557 


5.0 

— 

— 



BC558 


5.0 

— 

— 


Collector-Emitter Leakage Current 


Ices 




nA 

(VcES = 40 V) 

BC556 


— 

2.0 

100 


(VcES = 20 V) 

BC557 


— 

2.0 

100 



BC558 



2.0 

100 


(VcES = 20 V, Ta = 125X) 

BC556 


— 

_ 

4.0 



BC557 


— 

— 

4.0 

fiA 


BC558 


— 

— 

4.0 



ON CHARACTERISTICS 


DC Current Gain 

hPE 




— 

dc = 10 /i,Adc, VcE = 5.0 V) BC556A/557A/558A 


— 

90 

— 


BC556B/557B/558B 


— 

150 

— 


BC557C/558C 


— 

270 

— 


dc = 2.0 mAdc, VcE = 5.0 V) BC556 


120 

_ 

500 


BC557 


120 

— 

800 


BC558 


120 

— 

800 


BC556A/557A/558A 


120 

170 

220 


BC556B/557B/558B 


180 

290 

460 


BC557C/558C 


420 

500 

800 


dc = 100 mAdc, VcE = 5.0 V) BC556A/557A/558A 


— 

120 

_ 


BC556B/557B/558B 


— 

180 

— 


BC557C/558C 


— 

300 

— 


Collector-Emitter Saturation Voltage 

VcE(sat) 




V 

dc = 10 mAdc, Ib = 0.5 mAdc) 


— 

0.075 

0.3 


dc = 10 mAdc, Ib = see Note 1) 


— 

0.3 

0.6 


dc = 100 mAdc, Ib = 5.0 mAdc) 


— 

0.25 

0.65 



NOTE 1: Ic = 10 mAdc on the constant base current characteristics, which yields the point Ic = 11 mAdc, VcE = 1-0 V. 
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C, CAPACITANCE (pF) Vce, COLLECTOR-EMIHER VOLTAGE (VOLTS) hpE, DC CURRENT GAIN (NORMALIZED) 
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BC556, A, B, BC557, A, B, C, BC558, A, B, C 


FIGURE 13 - THERMAL RESPONSE 



FIGURE 14 - ACTIVE REGION SAFE OPERATING AREA 
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1 5 10 30 45 65 100 

VcE. COLLECTOR EMITTER VOLTAGE (V) 


The safe operating area curves indicate Ic^CE limits of the transistor that must be observed for reliable 
operation. Collector load lines for specific circuits must fall below the limits indicated by the applicable curve. 

The data of Figure 14 is based upon Tj(pk)=1 50oC; Tq or T/\ is variable depending upon conditions. Pulse curves are 
valid for duty cycles to 10% provided Tj(p|<)<1 50°C. Tj(p|<) may be calculated from the data of Figure 13. At high 
case or ambient temperatures thermal limitations will reduce the power that can be handled to values less than the limita- 
tions imposed by the secondary breakdown, (see AN 415). 
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Rating 

Symbol 

BC 

559 

BC 

560 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

45 

Vdc 

Collector-Base Voltage 

VCBO 

30 

50 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

ic 

100 

mAdc 

Total Device Dissipation @Ta = 25°C 

pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @Tc = 25°C 

pd 

1 

5 

Watt 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj- Tstg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rf^jc 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

200 

^C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol [ Min. [ Typ. [ Max. | Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 10 mAdc, IB = 0) BC559 

BC560 

V(BR)CEO 

30 

45 



Vdc 

Collector-Base Breakdown Voltage 

V(BR)CB0 




Vdc 

dC = 10 fiAdc, lE = 0) BC559 


30 




BC560 


50 




Emitter-Base Breakdown Voltage 

V{BR)EBO 




Vdc 

(IE = 10 [j.Adc, Ic = 0) 


5 




Collector Cutoff Current 

ICBO 





(VcB = 30 Vdc, lE = 0) 




1 5 

nAdc 

(VcB = 30 Vdc, lE = 0, Ta = + 125°C) 




5 

pAdc 

Emitter Cutoff Current 

lEBO 




nAdc 

(Veb = 4 Vdc, Ic = 0) 




1 5 



ON CHARACTERISTICS 


DC Current Gain 

(Ic = 10 i^Adc, VcE = 5 Vdc) BC559B/560B 

BC559C/560C 

(Ic = 2 mAdc, VcE = 5 Vdc) BC559B/560B 

BC559C/560C 

BC559/560 

hPE 

100 

100 

180 

380 

120 

150 

270 

290 

500 

460 

800 

800 


Collector-Emitter Saturation Voltage 

VCE(sat) 




Vdc 

(Ic = 10 mAdc, Ib = 0.5 mAdc) 



0.075 

0.25 


(Ic = 10 mAdc, Ib = see note 1) 



0.3 

0.6 


(Ic = 1 00 mAdc, Ib = 5 mAdc, see note 2) 



0.25 



Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

(Ic - 100 mAdc, Ib - 5 mAdc) 



1.1 



Base-Emitter On Voltage 

VBE(on) 




Vdc 

(Ic = 10 nAdc, VcE = 5 Vdc) 



0.52 



dC = 100 ^lAdc, VcE = 5 Vdc) 



0.55 



dC = 2 mAdc, VcE = 5 Vdc) 


0.55 

0.62 

0.7 



SMALL SIGNAL CHARACTERISTICS 


Current-Gain-Bandwidth Product 
dC = 10 mAdc, VcE = 5 Vdc, f = 100 MHz) 

fT 


250 


MHz 

Collector-Base Capacitance 

Ocbo 




PF 

(VcE = 10 Vdc, lE = 0, f = 1 MHz) 



2.5 



Small-Signal Current Gain 

hfe 




_ 

dC = 2.0 mAdc, Vce = 5.0 V, f = 1.0 kHz) BC559B/BC560B 


240 

330 

500 


BC559C/BC560C 


450 

600 

900 


Noise Figure 





dB 

dC = 200 ixAdc, VcE = 5.0 Vdc, Rs = 2.0 ka, f = 30 Hz- 15 kHz) 

NFi 

— 

0.5 

2.0 


dC = 200 fiA, VcE = 5.0 V, Rs = 100 ka f = 1.0 kHz, Af = 200 Hz) 

NF2 

— 

— 

10 



Note 1 ; Ib is value for which Iq = 11 mA at VcE = 1 ^ Note 2 ; Pulse test = 300 |as - Duty cycle = 27o 
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fj, CURRENT GAIN - BANDWIDTH PRODUCT (MHz) hpE. NORMALIZED DC CURRENT GAIN 
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MAXIMUM RATINGS 


Rating 

Symbol 

BC 

617 

BC 

618 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

55 

Vdc 

Collector-Base Voltage 

VCBO 

50 

80 

Vdc 

Emitter-Base Voltage 

vebo 

12 

Vdc 

Collector Current - Continuous 

ic 

1.0 

Adc 

Total Device Dissipation @Ta = 25°C 

pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @Tc = 25°C 

pd 

1 

5 

Watt 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 

Tj' Tstg 

- 55 to +150 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

200 

°c/w 

ELECTRICAL CHARACTERISTICS (Ta = 

25°C unless otherwise noted.) 


Characteristic I Symbol 


BC617 

BC618 

CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 



DARLINGTON TRANSISTORS 

NPN SILICON 


Refer to 2N6426 for graphs. 


Min I Typ [ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mAdc, Vbe = 0) 

BC617 

BC618 

V(BR)CEO 

40 

55 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 




Vdc 

dC = 100/u,Adc, Ie = 0) 

BC617 


50 

— 

— 



BC618 


80 

— 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

12 

— 

— 

Vdc 

dE = 10 ixAdc, Ic = 0) 

Both Types 






Collector Cutoff Current 


Ices 




nAdc 

(VcE = 40 Vdc, Vbe = 0) 

BC617 


— 

— 

50 


(VcE = 60 Vdc, Vbe = 0) 

BC618 


— 

— 

50 


Collector Cutoff Current 


'CBO 




nAdc 

(VcB = 40 Vdc, Ie = 0) 

BC617 


— 

— 

50 


(VcB = 60 Vdc, Ie = 0) 

BC618 


— 

— 

50 


Emitter Cutoff Current 


Iebo 

— 

— 

50 

nAdc 

(Vbe = 10 Vdc, Ic = 0) 

Both Types 







ON CHARACTERISTICS 


Collector-Emitter Saturation Voltage 
dC = 200 mA, Ib = 0.2 mA) 

Both Types 

VcE(sat) 

— 

— 

1.1 

Vdc 

Base-Emitter Saturation Voltage 


VBEIsat) 

— 

— 

1.6 

Vdc 

dC = 200 mA, Ib = 0.2 mA) 

Both Types 






Current Gain 


hPE 






dC = 100 aA, Vce = 5.0 V) 

BC617 


4000 

— 

— 



BC618 


2000 

— 

— 


dC = 10 mA, Vce = 5.0 V) 

BC617 


10000 

— 

— 



BC618 


4000 

— 

— 


dC = 200 mA, Vce = 5.0 V) 

BC617 


20000 

— 

70000 



BC618 


10000 

— 

50000 


dc = 1.0 A, Vce = 5.o v) 

BC617 


10000 

— 

— 



BC618 


4000 

— 

— 



DYNAMIC CHARACTERISTICS 


Current-Gain Bandwidth Product 
dc = 500 mA, Vce = 5.0 V, P = 100 MHz) Both Types 

fr 

150 

— 

— 

MHz 

Output Capacitance 
(VcB = 10 V, Ie = 0, f = 1.0 MHz) 

Cob 

— 

4.5 

7.0 

pF 

Input Capacitance 
(Veb = 5.0 V, Ie = 0, f = 1.0 MHz) 

Cjb 

— 

5.0 

9.0 

PF 
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MAXIMUM RATINGS 


Rating 

Symbol 

BC 

635 

BC 

637 

BC 

639 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

60 

80 

Vdc 

Collector-Base Voltage 

VCBO 

45 

60 

80 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

ic 

0.5 

Adc 

Total Device Dissipation @Ta = 25°C 
Derate above 25°C 

pd 

800 

6.4 

mW 

mW/°C 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

pd 

2.75 

22 

Watt 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rf^jc 

45 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

156 

°c/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max j Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage* 
dC = 10 mAdc, Ib = 0) 

BC635 

BC637 

BC639 

V(BR)CEO 

45 

60 

80 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 




Vdc 

dC = lOO/iAdc, Ie = 0) 

BC635 


45 

— 

— 



BC637 


60 

— 

— 



BC639 


80 

— 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

— 

Vdc 

dE = 10 fiAdc. Ic = 0) 







Collector Cutoff Current 


ICBO 





(VcB = 30 Vdc, Ie = 0, 



— 

— 

100 

nAdc 

(VcB = 30 Vdc, Ie = 0, Ta = 125°C) 



— 

— 

10 

fiAdc 


ON CHARACTERISTICS* 


DC Current Gain 
dC = 5.0 mAdc, Vqe = 2.0 Vdc) 
dC = 150 mAdc, Vce = 2.0 Vdc) BC635 

BC637 

BC639 

dC = 500 mA, Vce = 2.0 V) 

hPE 

25 

40 

40 

40 

25 



250 

160 

160 


Collector-Emitter Saturation Voltage 
dC = 500 mAdc, Ib = 50 mAdc) 

VCE(sat) 

— 

— 

0.5 

Vdc 

Base-Emitter On Voltage 
dC = 500 mAdc, Vce = 2.0 Vdc) 

VBE(on) 

— 

— 

1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain Bandwidth Product 
dC = 50 mAdc, VcE = 2.0 Vdc, f = 100 MHz) 

n 

— 

200 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Cob 

— 

7.0 

— 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

Cib 

— 

50 

— 

PF 


*Pulse Test: Pulse Width 300 fxs, Duty Cycle 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 





CURRENT GAIN BANDWITH PRODUCT (MHz) Ip COLLECTOR CURRENT (mA) 


BC635, BC637, BC639 


FIG. 1 — ACTIVE REGION SAFE OPERATING AREA FIG. 2 — DC CURRENT GAIN 




FIG. 3 — CURRENT GAIN BANDWIDTH PRODUCT 




IC .COLLECTOR CURRENT (mA) 


FIG. 5 — TEMPERATURE COEFFICIENTS 
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MAXIMUM RATINGS 


Rating 

Symbol 

BC 

636 

BC 

638 

BC 

640 

Unit 

Collector-Emitter Voltage 

VcEO 

45 

60 

80 

Vdc 

Collector-Base Voltage 

VCBO 

45 

60 

80 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

ic 

0.5 

Adc 

Total Device Dissipation @Ta = 25°C 
Derate above 25°C 

pd 

800 

6.4 

mW 

mW/°C 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

pd 

2.75 

22 

Watt 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^JC 

45 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

156 

°c/w 


BC636 

BC638 

BC640 

CASE 29-04, STYLE 14 
TO-92 (TO-226AA) 



HIGH CURRENT TRANSISTORS 

PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Typ [ Max | Uni7 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage* 
dC =10 mAdc, Ib = 0) 

BC636 

BC638 

BC640 

V(BR)CEO 

45 

60 

80 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 




Vdc 

dC = 100 AAdc, Ie = 0) 

BC636 


45 

— 

— 



BC638 


60 

— 

— 



BC640 


80 

— 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

— 

Vdc 

(Ie = 10 fxAdc, Ic = 0) 







Collector Cutoff Current 


•CBO 





(VcB = 30 Vdc, Ie = 0, 



— 

— 

100 

nAdc 

(VcB = 30 Vdc, Ie = 0, Ta = 125°C) 



— 

— 

10 

/A Adc 


ON CHARACTERISTICS* 


DC Current Gain 
dC = 5.0 mAdc, Vqe = 2.0 Vdc) 
dC = 150 mAdc, Vqe = 2.0 Vdc) BC636 

BC638 

BC640 

dC = 500 mA, Vce = 2.0 V) 

hPE 

25 

40 

40 

40 

25 

— 

250 

160 

160 


Collector-Emitter Saturation Voltage 
dC = 500 mAdc, Ib = 50 mAdc) 

VcE(sat) 

- 

0.25 

0.5 

0.5 

Vdc 

Base-Emitter On Voltage 
dC = 500 mAdc, Vqe = 2.0 Vdc) 

VBE(on) 

— 

— 

1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain Bandwidth Product 
dC = 50 mAdc, Vqe = 2.0 Vdc, f = 100 MHz) 

^T 

— 

150 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Cob 

— 

9.0 

— 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

Cib 

— 

110 

— 

PF 


*Pulse Test: Pulse Width ^ 300 /xs, Duty Cycle 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 




t, CURRENT GAIN BANOWITH PRODUCT (MH;) Ip COLLECTOR CURRENT (mAI 


BC636, BC638, BC640 


FIG. 1 — ACTIVE REGION SAFE OPERATING AREA FIG. 2 — DC CURRENT GAIN 




Ic, COLLECTOR CURRENT (mA) 


FIG. 3 — CURRENT GAIN BANDWIDTH PRODUCT 



FIG. 4 — “SATURATION" AND “ON” VOLTAGES 



FIG. 5 — TEMPERATURE COEFFICIENTS 
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MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min T Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 

BC650 

V{BR)CEO 

30 

— 

Vdc 

dC = 1.0 mAdc, Ib = 0) 

BC651 

45 

— 


Collector-Base Breakdown Voltage 

BC650 

V(BR)CBO 

30 

— 

Vdc 

dC = 0.1 mAdc, Ie = 0) 

BC651 

45 

— 


Collector Cutoff Current 


'CBO 

— 

0.015 

IxA 

(VcB = 30 Vdc, Ie = 0) 






Collector-Emitter Leakage Current 


'CES 

— 

0.025 

ju-A 

(VcE = 60 V) 






Emitter Cutoff Current 


'ebo 

— 

0.015 

juA 

(Veb = 6.0 Vdc, Ic = 0) 







ON CHARACTERISTICS 


DC Current Gain 

dC = 2.0 mAdc, VcE = 5.0 Vdc) BC650, S/BC651, S 

BC650, C, CS/BC651, C, CS 

hPE 

380 

380 

1400 

820 

— 

Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 0.5 mAdc) 
dC = 100 mAdc, Ib = 5.0 mAdc) 

VCE{sat) 

- 

0.2 

0.6 

Vdc 

Base Emitter On Voltage 
dC = 2.0 mAdc, Vqe = 5.0 Vdc) 

VBE{on) 

0.55 

0.7 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Small-Signal Current Gain 
dC = 2.0 mAdc, Vqe = 5.0 Vdc, f = 1.0 kHz) 

l^fe 

380 

1600 

— 

Output Capacitance (Vqb = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Cob 

— 

3.0 

PF 

Input Capacitance (Veb = 0-5 Vdc, Iq = 0, f = 1,0 MHz) 

Cib 

— 

8.0 

PF 

Current-Gain Bandwidth Product 
dC = 1.0 mAdc, VcE = 5.0 V, f = 100 MHz) 

n 

100 

700 

MHz 

Noise Figure 

(VcE = 5.0 V, Ic = 0.2 mA, Rs = 2.0 kO, f = 1.0 kHz, Ta = 25°C) 

BC650, C, BC651, C 

BC650S, CS, BC651S, CS 

NF 

- 

2.8 

2.0 

dB 


Rating 

Symbol 

BC650 

Series 

BC651 

Series 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

45 

Vdc 

Collector-Base Voltage 

VCBO 

30 

45 

Vdc 

Emitter-Base Voltage 

vebo 

6.0 

Vdc 

Collector Current — Continuous 

Ic 

200 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

pd 

1.5 

Watt 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 

l^stg 

- 55 to -1-150 

X 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

200 

x/w 


BC650, C, CS, S 
BC651, C, CS, S 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 



LOW NOISE AUDIO 
TRANSISTORS 

NPN SILICON 


Refer to MPSA18 for graphs. 


MOTOROLA SMALL-SIGNAL TRANSISTORS. FETs AND DIODES 
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MAXIMUM RATINGS 


Rating 

Symbol 

BC807 

BC808 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

25 

V 

Collector-Base Voltage 

VCBO 

50 

30 

V 

Emitter-Base Voltage 

vebo 

5.0 

5.0 

V 

Collector Current — Continuous 

'c 

500 

500 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/\N 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

417 

°C/W 

Junction and Storage Temperature 

Tjr Tstg j 

-55 to +150 

°C 


*FR-5 = 1.0 x 0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


DEVICE MARKING 

BC807-16L = 5A; BC807-25L = 5B; BC807-40L = 5C; BC808-16L = 5E; 
BC808-25L = 5F; BC808-40L = 5G 


BC807-16L, -25L, -40L 
BC808-16L, -25L, -40L 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 



3 Collector 



2 Emitter 


GENERAL PURPOSE 
TRANSISTORS 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Uni7 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 

BC807 Series 

V(BR)CEO 

45 



V 


BC808 Series 


25 

— 

— 


Collector-Emitter Breakdown Voltage 


V(BR)CES 




V 

(Veb = 0) 

BC807 Series 

50 

— 

— 



BC808 Series 


30 

— 

— 


Emitter-Base Breakdown Voltage 

BC807 Series 

V(BR)EBO 

5.0 



V 


BC808 Series 


5.0 

— 

— 


Collector Cutoff Current 


'CBO 





(VcB = 20 V) 



— 

— 

100 

nA 

(VcB = 20 V, Tj = 150°C) 



— 

— 

5.0 

aA 


ON CHARACTERISTICS 


DC Current Gain 

dC = 100 mA, VcE = 10 V) BC807-16L 

BC808-16L 

BC807-25L 

BC808-25L 

BC807-40L 

BC808-40L 

dc = 500 mA, VcE = 10 V) 

hFE 

100 

160 

250 

40 

- 

250 

400 

600 


Collector-Emitter Saturation Voltage 
(IC = 500 mA, Ib = 50 mA) 

VCE(sat) 

— 

— 

0.7 

V 

Base-Emitter On Voltage 
dc = 500 mA, Ib = 1.0 V) 

VBE(on) 

— 

— 

1.2 

V 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain Bandwidth Product 
dc = 10 mA, VcE = 5.0 Vdc, f = 35 MHz) 


200 

— 

— 

MHz 

Output Capacitance , 

(VcB = 10 V, f = 1.0 MHz) 

^obo 

— 

10 

— 

PF 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 


Rating 

Symbol 

BC817 

BC818 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

25 

V 

Collector-Base Voltage 

VCBO 

50 

30 

V 

Emitter-Base Voltage 

Vebo 

5.0 

5.0 

V 

Collector Current — Continuous 

•c 

500 

500 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 




Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 




Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R0JA 

417 

X/W 

Junction and Storage Temperature 

Tj. Tgtg 

- 55 to -h 1 50 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


DEVICE MARKING 

BC817-16L = 6A; BC817-25L = 6B; BC817-40L = 6C; BC818-16L = 6E; 
BC818-25L = 6F; BC818-40L = 6G 


BC817-16L, -25L, -40L 
BC818-16L, -25L, -40L 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 



3 Collector 



2 Emitter 


GENERAL PURPOSE 
TRANSISTORS 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 

BC817 Series 

BC818 Series 

V(BR)CEO 

— 

45 

25 

- 

- 

V 

Collector-Emitter Breakdown Voltage 

V(BR)CES 




V 

(Veb = 0) BC817 Series 


50 

— 

— 


BC818 Series 


30 

— 

— 


Emitter-Base Breakdown Voltage 

V(BR)EBO 




V 

BC817 Series 


5.0 

— 

— 


BC818 Series 


5.0 

— 

— 


Collector Cutoff Current 

ICBO 





(VcB = 20 V) 


— 

— 

100 

nA 

(VcB = 20 V,Ta = 150X) 


— 

— 

5.0 

fiA 


ON CHARACTERISTICS 


DC Current Gain 

dC = 100 mA, VcE = 10 V) BC817-16L 

BC818-16L 

BC817-25L 

BC818-25L 

BC817-40L 

BC818-40L 

dC = 500 mA, VcE = 1-0 V) 

hFE 

100 

160 

250 

40 

- 

250 

400 

600 


Collector-Emitter Saturation Voltage 
dC = 500 mA, Ib = 50 mA) 

VCE(sat) 

— 

— 

0.7 

V 

Base-Emitter On Voltage 
dC = 500 mA, VcE = 1-0 V) 

VBE(on) 

— 

— 

1.2 

V 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain Bandwidth Product 
dC = 10 mA, VcE = 5.0 Vdc, f = 35 MHz) 

fr 

200 

— 

— 

MHz 

Output Capacitance 
(VcB = 10 V,f = 1.0 MHz) 

Cobo 

— 

10 

— 

PF 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 






MAXIMUM RATINGS 


Rating 

Symbol 

BC846 

BC847 

BC848 

Unit 

Collector-Emitter Voltage 

VCEO 

65 

45 

30 

V 

Collector-Base Voltage 

VCBO 

80 

50 

30 

V 

Emitter-Base Voltage 

Vebo 

6.0 

6.0 

5.0 

V 

Collector Current — Continuous 

ic 

100 

100 

100 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mwrc 

Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mwrc 

Thermal Resistance Junction to Ambient 

R^ja 

417 

°C/W 

Junction and Storage Temperature 

Tj' Tstg 

- 55 to -1-150 

°C 


*FR-5 = 1.0 X 0.75 X 0.062 in. **Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


BC846AL = 1A; BC846BL = IB; BC847AL = IE; BC847BL = IF; BC847CL = 1G; 
BC848AL = 1J; BC848BL = IK; BC848CL = 1L 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol 


BC846AL, BL 
BC847AL, BL, CL 
BC848AL, BL, CL 


CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 



3 Collector 



2 Emitter 


GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 


Refer to BC546 for graphs. 


Min I Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 10 mA) 

BC846AL,BL 

BC847AL,BL,CL 

BC848AL,BL,CL 

V{BR)CEO 

— 

65 

45 

30 



_ 

V 

Collector-Emitter Breakdown Voltage 

BC846AL,BL 

V(BR)CES 

80 

— 

— 

V 

dc = 10 aA, Veb = 0) 

BC847AL,BL,CL 


50 

— 

— 



BC848AL,BL,CL 


30 

— 

— 


Collector-Base Breakdown Voltage 

BC846AL,BL 

V(BR)CBO 

80 

— 

— 

V 

dc = 10 aA) 

BC847AL,BL,CL 


50 



— 



BC848AL,BL,CL 


30 

— 

— 


Emitter-Base Breakdown Voltage 

BC846AL,BL 

V(BR)EBO 

6.0 

— 

— 

V 

dE = 1.0 aA) 

BC847AL,BL,CL 


6.0 

— 

— 



BC848AL,BL,CL 


5.0 

— 

— 


Collector Cutoff Current (Vcb = 30 V) 


ICBO 

_ 

_ 

15 

nA 

(VcB = 30 V, Ta 

- 150°C) 


— 

— 

5.0 

fiA 


ON CHARACTERISTICS 


DC Current Gain BC846AL, BC847AL, BC848AL 

dc = 10 /xA, VcE = 5.0 V) BC846BL, BC847BL, BC848BL 

BC847CL, BC848CL 

dc = 2.0 mA, VcE = 5.0 V) BC846AL, BC847AL, BC848AL 

BC846BL, BC847BL, BC848BL 
BC847CL, BC848CL 

hFE 

110 

200 

420 

90 

150 

270 

180 

290 

520 

220 

450 

800 


Collector-Emitter Saturation Voltage dc = 10 mA, Ib = 0.5 mA) 

VcE(sat) 

— 

— 

0.25 

V 

dc = 100 mA, Ib = 5.0 mA) 


— 

— 

0.6 


Base-Emitter Saturation Voltage dc = 10 mA, Ib = 0.5 mA) 

VBE(sat) 

— 

0.7 

— 

V 

dc = 100 mA, Ib = 5.0 mA) 


— 

0.9 

— 


Base-Emitter Voltage dc = 2.0 mA, Vce = 5.0 V) 

VBE(on) 

580 

660 

700 

mV 

dc = 10 mA, Vce = 5.0 V) 

1 

— 

— 

770 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain Bandwidth Product 
dc = 10 mA, Vce = 5.0 Vdc, f = 100 MHz) 

fr 

100 

— 

— 

MHz 

Output Capacitance (Vcb = 10 V, f = 1.0 MHz) 

Cobo 

— 

— 

4.5 

PF 

Noise Figure dc = 0.2 mA, Vce = 5.0 Vdc, Rs = 2.0 kfl, 
f = 1.0 kHz, BW = 200 Hz) 

Nf 


— 

10 

dB 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 


Rating 

Symbol 

BC850 

BC849 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

30 

V 

Collector-Base Voltage 

VCBO 

50 

30 

V 

Emitter-Base Voltage 

vebo 

6.0 

5.0 

V 

Collector Current — Continuous 

•c 

100 

100 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 

1.8 

mW/°C 


Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 

2.4 

mW/X 


Thermal Resistance Junction to Ambient 

R0JA 

417 

X/W 

Junction and Storage Temperature 

Tj, Tstg 

- 55 to -f- 1 50 

X 


*FR-5 = 1.0x 0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


BC849BL = 2B; BC849CL = 2C; BC850BL = 2F; BC850CL = 2G 


BC849BL, CL 
BC850BL, CL 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 

3 Collector 



2 Emitter 


LOW NOISE 
TRANSISTORS 

NPN SILICON 


Refer to BC549 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


; Collector-Emitter Breakdown Voltage 

BC850BL,CL 

BC849BL,CL 

V{BR)CEO 

45 

30 

- 

- 

V 

Collector-Emitter Breakdown Voltage 

V(BR)CES 




V 

(Veb = 0) BC850BL,CL 


50 

— 

— 


BC849BL,CL 


30 

— 

— 


Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

— 

V 

Collector Cutoff Current 

ICBO 





(VcB = 30 V, lE = 0) 


— 

— 

15 

nA 

(VcB = 30 V, Ta = 150X) 


— 

— 

5.0 

fiA 


ON CHARACTERISTICS 


DC Current Gain 

: dc = 10 fiA, VcE = 5.0 V) BC849BL, BC850BL 

BC849CL, BC850CL 

dC = 2.0 mA, VcE = 5.0 V) BC849BL, BC850BL 

BC849CL, BC850CL 

hFE 

200 

420 

150 

270 

290 

520 

450 

800 


dollector-Emitter Saturation Voltage 

VCE(sat) 




V 

! dc = 10 mA, Ib = 0.5 mA) 


— 

— 

0.25 


dC = 100 mA, Ib = 5.0 mA) 


— 

— 

0.6 


Base-Emitter Saturation Voltage 

VBE(sat) 




V 

1 dc = 10 mA, Ib = 0.5 mA) 


— 

0.7 

— 


dc = 100 mA, Ib = 5.0 mA) 


— 

0.9 

— 


Base-Emitter On Voltage 

VBEIon) 




V 

dc = 2.0 mA, VcE = 5.0 V) 


0.58 

— 

0.7 


dc = 10 mA, VcE = 5.0 V) 


— 

— 

0.77 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain Bandwidth Product 
dc = 10 mA, VcE = 5.0 Vdc, f = 35 MHz) 

fr 

100 

— 

— 

MHz 

Output Capacitance 
(VcB = 10 V,f = 1.0 MHz) 

Cobo 

— 

— 

4.5 

PF 

Noise Figure 

dc = 0.2 mAdc, VcE = 5.0 Vdc, Rs = 2.0 kft, 
f = 1.0 kHz, BW = 200 Hz) 

Nf 



4 

dB 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 








MAXIMUM RATINGS 


Rating 

Symbol 

BC856 

BC857 

BC858 

Unit 

Collector-Emitter Voltage 

VCEO 

65 

45 

30 

V 

Collector-Base Voltage 

VCBO 

80 

50 

30 

V 

Emitter-Base Voltage 

Vebo 

5.0 

5.0 

5.0 

V 

Collector Current — Continuous 

ic 

100 

100 

100 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 

1.8 

mW/°C 


Thermal Resistance Junction to Ambient 

PeJA 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25X 

Derate above 25°C 

2.4 

mW/X 


Thermal Resistance Junction to Ambient 

R0JA 

417 

X/W 

Junction and Storage Temperature 

Tj, Tstg 

- 55 to +150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. **Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


BC856AL = 3A; BC856BL = 3B; BC857AL = 3E; BC857BL = 3F; BC857CL = 3G; 
BC858AL = 3J; BC858BL = 3K; BC858CL = 3L 


BC856AL, BL 
BC857AL, BL, CL 
BC858AU BL, CL 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 

3 Collector 



2 Emitter 


GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 


Refer to BC556 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 

BC856 Series 

V(BR)CEO 

65 

— 

_ 

V 

dc = 10 mA) 

BC857 Series 

45 

— 

— 



BC858 Series 


30 

— 

— 


Collector-Emitter Breakdown Voltage 

BC856 Series 

V(BR)CES 

80 

— 

— 

V 

dc = 10 aA, Veb = 0) 

BC857 Series 

50 

— 

— 



BC858 Series 


30 

— 

— 


Collector-Base Breakdown Voltage 

BC856 Series 

V(BR)CBO 

80 

— 

— 

V 

t 

o 

II 

o 

BC857 Series 

50 

— 

— 



BC858 Series 


30 

— 

— 


Emitter-Base Breakdown Voltage 

BC856 Series 

V{BR)EBO 

5.0 

— 

— 

V 

(Ie = 1.0 aA) 

BC857 Series 

5.0 

— 

— 



BC858 Series 


5.0 

— 

— 


Collector Cutoff Current (Vcb = 30 V) 


•CBO 

— 

— 

15 

nA 

(VcB - 30 V, Ta 

= 150X) 

— 

— 

4.0 



ON CHARACTERISTICS 


DC Current Gain 

BC856AL, BC857AL, BC858AL 

hFE 



90 





dc = 10 aA, Vce = 5.0 V) 

BC856BL, BC857BL, BC858BL 


— 

150 

— 



BC857CL, BC858CL 


— 

270 

— 


dc = 2.0 mA, Vce = 5.0 V) 

BC856AL, BC857AL, BC858AL 


125 

180 

250 



BC856BL, BC857BL, BC858BL 


220 

290 

475 



BC857CL, BC858CL 


420 

520 

800 


Collector-Emitter Saturation Voltage (Ic = 10 mA, Ib = 0.5 mA) I 

VcE(sat) 

— 

— 

0.3 

V 


dc - 100 mA, Ib - 5.0 mA) 


— 

— 

0.65 


Base-Emitter Saturation Voltage dc = 10 mA, Ib = 0.5 mA) I 

VBE(sat) 

— 

0.7 


V 


(Ic = 100 mA, Ib = 5.0 mA) 


— 

0.9 



Base-Emitter On Voltage (Ic = 

2.0 mA, Vce = 5.0 V) 

VBE(on) 

0.6 

— 

0.75 

V 

dc = 

10 mA, Vce = 5.0 V) 


— 

— 

0.82 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain Bandwidth Product 
dc = 10 mA, Vce = 5.0 Vdc, f = 100 MHz) 

n 

100 

_ 

— 

MHz 

Output Capacitance (Vcb = 10 V, f = 1.0 MHz) 

Cobo 

— 

— 

4.5 

PF 

Noise Figure dc = 0.2 mA, Vce = 5.0 Vdc, Rs = 2.0 kfl, 
f = 1.0 kHz, BW = 200 Hz) 

Nf 

— 

— 

10 

1 

dB 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 









MAXIMUM RATINGS 


Rating 

Symbol 

BC860 

BC859 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

30 

V 

, Collector-Base Voltage 

VCBO 

50 

30 

V 

Emitter-Base Voltage 

Vebo 

6.0 

5.0 

V 

Collector Current — Continuous 

ic 

100 

100 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/X 

Thermal Resistance Junction to Ambient 

R0JA 

417 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 

2.4 

mW/X 


Thermal Resistance Junction to Ambient 

R0JA 

556 

X/W 

Junction and Storage Temperature 

Tj» Tgtq 

— 55 to -t- 1 50 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


BC859AL = 4A; BC859BL = 4B; BC859CL = 4C; BC860AL = 4E; 
BC860BL = 4F; BC860CL = 4G 


BC859AL, BL, CL 
BC860AL, BL, CL 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 



3 Collector 



2 Emitter 


LOW NOISE 
TRANSISTORS 


PNP SILICON 


Refer to BC559 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 

BC860 Series 

BC859 Series 

V(BR)CE0 

45 

30 

- 

- 

V 

Collector-Emitter Breakdown Voltage 

V(BR)CES 




V 

(Veb = 0) BC860 Series 


50 

— 

— 


BC859 Series 


30 

— 

— 


Emitter-Base Breakdown Voltage 

V(BR)EB0 

5.0 

— 

— 

V 

Collector Cutoff Current 

ICBO 





(VcB = 30 V, Ie = 0) 


— 

— 

15 

nA 

(VcB = 30 V, Ta = 150X) 


— 

— 

5.0 

fjiA 


ON CHARACTERISTICS 


DC Current Gain 

dC = 10 ixA, VcE = 5.0 V) BC859AL, BC860AL 

BC859BL, BC860BL 

BC859CL, BC860CL 

dC = 2.0 mA, VcE = 5.0 V) BC859AL, BC860AL 

BC859BL, BC860BL 

BC859CL, BC860CL 

hFE 

110 

200 

420 

90 

150 

270 

180 

290 

520 

220 

450 

800 


Collector-Emitter Saturation Voltage 

VCE(sat) 




V 

dC = 10 mA, Ib = 0.5 mA) 


— 

— 

0.25 


dC = 100 mA, Ib = 5.0 mA) 


— 

— 

0.6 


Base-Emitter Saturation Voltage 

VBE(sat) 




V 

dC = 10 mA, Ib = 0.5 mA) 


— 

0.7 

-— 


dC = 100 mA, Ib = 5.0 mA) 


— 

0.9 

— 


Base-Emitter On Voltage 

VBE(on) 




V 

dC = 2.0 mA, VcE = 5.0 V) 


0.58 

— 

0.7 


dC = 10 mA, VcE = 5.0 V) 


— 

— 

0.77 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain Bandwidth Product 
dC = 10 mA, VcE = 5.0 Vdc, f = 35 MHz) 

fT 

100 

— 

- 

MHz 

Output Capacitance 
(VcB = 10 V, f = 1.0 MHz) 

^obo 

— 

— 

4.5 

PF 

Noise Figure 

dC = 0.2 mAdc, Vqe = 5.0 Vdc, Rs = 2.0 kO, 
f = 1.0 kHz, BW = 200 Hz) 

Np 



4.0 

dB 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 









MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

32 

Vdc 

Collector-Base Voltage 

VCBO 

32 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

100 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj' Tstg 

- 55 to -1-150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

^♦Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


BCW29L = Cl ; BCW30L = C2 


BCW29L 

BCW30L 


CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 



3 Collector 



2 Emitter 


GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 


Refer to 2N5086 for graphs. 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol 1 Min ] Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc = 2.0 mAdc, Ig = 0) 

V{BR)CEO 

32 

— 

Vdc 

Collector-Emitter Breakdown Voltage 
dc = 100 /iAdc, Veb = 0) 

V(BR)CES 

32 

— 

Vdc 

Collector-Base Breakdown Voltage 
dc = 10 /LtAdc, Ic = 0) 

V(BR)CBO 

32 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 /LtAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 32 Vdc, Ie = 0) 

(VcB = 32 Vdc, Ie = 0, Ta = 100X) 

>CBO 

- 

100 

10 

nAdc 

/LtAdc 


ON CHARACTERISTICS 


DC Current Gain 

dc = 2.0 mAdc, Vce = 5.0 Vdc) 

BCW29L 

BCW30L 

hpE 

120 

215 

260 

500 

- 

Collector-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 0.5 mAdc) 


VCE(sat) 

— 

0.3 

Vdc 

Base-Emitter On Voltage 
dc = 2.0 mAdc, VcE = 5.0 Vdc) 

1 

VBEIon) 

0.6 

0.75 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Ie = 0, Vce = 10 vdc, f = 1.0 mhz) 

^obo 

— 

7.0 

PF 

Noise Figure 

dc = 0.2 mAdc, Vce = 5.0 Vdc, Rs = 2.0 kO, f = 1.0 kHz, 

BW = 200 Hz) 

NF 


10 

dB 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


2-133 







2 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

20 

Vdc 

Collector-Base Voltage 

VCBO 

30 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

•c 

100 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25°C 



Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 




Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

417 

°C/W 

Junction and Storage Temperature 

Tj' Tstg 

-55 to -1-150 

°C 


*FR-5 = 1.0x0.75x 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 




Refer to MPS3904 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 



OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 2.0 mAdc, Ib = 0) 

V(BR)CEO 

20 

- 

Vdc 

Collector-Base Breakdown Voltage 
dC = 10 AAdc, Ib = 0) 

V(BR)CBO 

30 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 /xAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

Vdc 


ON CHARACTERISTICS 


DC Current Gain 

(Ic = 2.0 mAdc, Vqe = 5.0 Vdc) 

BCW31L 

BCW33L 

hFE 

110 

420 

220 

800 

— 

Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ib = 0.5 mAdc) 


VCE(sat) 

— 

0.25 

Vdc 

Base-Emitter On Voltage 
dC = 2.0 mAdc, VcE = 5.0 Vdc) 


VBE(on) 

0.55 

0.70 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
dE = 0, VcB = 10 Vdc, f = 1.0 MHz) 

Cobo 

- 

4.0 

PF 

Noise Figure 

dC = 0.2 mAdc, VcE = 5.0 Vdc, Rs = 2.0 kft, 
f = 1.0 kHz, BW = 200 Hz) 

NF 


10 

dB 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

32 

V 

Collector-Base Voltage 

VCBO 

32 

V 

Emitter-Base Voltage 

Vebo 

5.0 

V 

Collector Current — Continuous 

ic 

100 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* j 

pd 

225 

mW 

Ta = 25°C 

Derate above 25X 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R0Ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

417 

°C/W 

Junction and Storage Temperature 

Tj/ Tstq 

- 55 to -1-150 

°C 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


BCW60AL = AA; BCW60BL = AB; BCW60CL = AC; BCW60DL = AD 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic 



Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 2.0 mAdc, 1^ = 0) 

V(BR)CEO 

32 

— 

Vdc 

Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 1.0 fxAdc, Ic = 0) 





Collector Cutoff Current 

Ices 




(VcE = 32 Vdc) 


— 

20 

nAdc 

(VcE = 32 Vdc, Ta = 150°C) 


— 

20 

/xAdc 

Emitter Cutoff Current 

Iebo 

— 

20 

nAdc 

(Veb = 4.0 Vdc, Ic = 0) 






ON CHARACTERISTICS 


DC Current Gain 


hFE 





dC = 10 ^Adc, VcE = 5.0 Vdc) 

BCW60AL 

20 

— 



BCW60BL 


30 

— 



BCW60CL 


40 

— 



BCW60DL 


100 

— 


dC = 2.0 mAdc, VcE = 5.0 Vdc) 

BCW60AL 


120 

220 



BCW60BL 


175 

310 



BCW60CL 


250 

460 



BCW60DL 


380 

630 


dC = 50 mAdc, VcE = 1-0 Vdc) 

BCW60AL 


60 





BCW60BL 


70 

— 



BCW60CL 


90 

— 



BCW60DL 


100 

— 


AC Current Gain 


hfe 



— 

dC = 2.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

BCW60AL 


125 

250 



BCW60BL 


175 

350 



BCW60CL 


250 

500 



BCW60DL 


350 

700 


Collector-Emitter Saturation Voltage 


VCE(sat) 



Vdc 

dC = 50 mAdc, Ib = 1.25 mAdc) 


— 

0.55 


dC = 10 mAdc, Ib = 0.25 mAdc) 



— 

0.35 


Base-Emitter Saturation Voltage 


VBE(sat) 



Vdc 

dC = 50 mAdc, Ib = 1.25 mAdc) 


0.7 

1.05 


dC = 50 mAdc, Ib = 0.25 mAdc) 



0.6 

0.85 


Base-Emitter On Voltage 


VBE(on> 

0.6 

0.75 

Vdc 

dC = 2.0 mAdc, Vqe = 5.0 Vdc) 






MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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BCW60AL, BL, CL, DL 


ELECTRICAL CHARACTERISTICS (continued) (Ta 

Characteristic 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product 
dC = 10 mAdc, VcE = 5.0 Vdc, f = 1.0 MHz) 

Output Capacitance 

(VCE = 10 Vdc, Ic = 0, f = 1.0 MHz) 

Noise Figure 

dC = 0.2 mAdc, Vce = 5.0 Vdc, Rs = 2.0 kO, 
f = 1.0 kHz, BW = 200 Hz) 

SWITCHING CHARACTERISTICS 


25°C unless otherwise noted.) 



MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

32 

V 

Collector-Base Voltage 

VCBO 

32 

V 

Emitter-Base Voltage 

Vebo 

5.0 

V 

Collector Current — Continuous 

ic 

100 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

PflJA 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

417 

°C/W 

Junction and Storage Temperature 

Tj/ Tstq 

- 55 to +150 

°C 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


BCW61AL = BA; BCW61BL = BB; BCW61CL = BC; BCW61DL = BD 


BCW61AL, BL, CL, DL 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 



3 Collector 



2 Emitter 


GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 


Refer to 2N5086 for graphs. 

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 2.0 mAdc, Ib = 0) 

V(BR)CEO 

32 

_ 

Vdc 

Emitter-Base Breakdown Voltage , 

V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 1.0 /xAdc, Ic = 0) 





Collector Cutoff Current , 

'CES 




(VcE = 32 Vdc) I 


— 

20 

nAdc 

(VcE = 32 Vdc, Ta = 150°C) 


— 

20 

IxAdc 


ON CHARACTERISTICS 


DC Current Gain 


hFE 



— 

dC = 10 /xAdc, VcE = 5.0 Vdc) 

BCW61AL 


20 

— 



BCW61BL 


30 

— 



BCW61CL 


40 

— 



BCW61DL 


100 

— 


(Ic 2.0 mAdc, Vce = 5.0 Vdc) 

BCW61AL 


120 

220 



BCW61BL 


140 

310 



BCW61CL 


250 

460 



BCW61DL 


380 

630 


dC = 50 mAdc, Vce = ''•0 Vdc) 

BCW61AL 


60 

_ 



BCW61BL 


80 

— 



BCW61CL 


100 

_ 



BCW61DL 


100 

— 


AC Current Gain 


hfe 



_ 

dC = 2.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 

BCW61AL 

125 

250 



BCW61BL 


175 

350 



BCW61CL 


250 

500 



BCW61DL 


350 

700 


Collector-Emitter Saturation Voltage 


VCE(sat) 



Vdc 

dC = 50 mAdc, Ib = 1.25 mAdc) 


— 

0.55 


dC = 10 mAdc, Ib = 0.25 mAdc) 



— 

0.25 


Base-Emitter Saturation Voltage 


VBE(sat) 



Vdc 

dC = 50 mAdc, Ib = 1.25 mAdc) 


0.68 

1.05 


dC = 10 mAdc, Ib = 0.25 mAdc) 



0.6 

0.85 


Base-Emitter On Voltage 


VBE(on) 

0.6 

0.75 

Vdc 

dC = 2.0 mAdc, Vce = 5.0 Vdc) 






MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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BCW61AL, BL, CL, DL 


ELECTRICAL CHARACTERISTICS (continued) (T^ = 25°C unless otherwise noted.) 

Characteristic ] 

Symbol | 

Min 

Max I 

1 Unit 1 

SMALL SIGNAL CHARACTERISTICS 

Output Capacitance 
(VcE = 10 Vdc, Ic = 0, f = 1.0 MHz) 

Cobo 

— 

6.0 

PF 

Noise Figure 

dC = 0.2 mAdc, Vqe = 5.0 Vdc, Rs = 2.0 kH, f = 1.0 kHz, BW = 200 Hz) 

NF 

— 

6.0 

dB 


SWITCHING CHARACTERISTICS 


Turn-On Time 

dC = 10 mAdc, Ibi = 1.0 mAdc) 

Ion 

— 

150 

ns 

Turn-Off Time 

dB2 = 1-0 mAdc, Vbb = 3.6 Vdc, Ri = R2 = 5.0 kO, Rl = 990 ft) 

toff 

— 

800 

ns 


MOTOROLA SMALL-SIGNAL TRANSISTORS. FETs AND DIODES 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

32 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

'c 

800 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board/ 

pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate/* Ta = 25°C 

Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 


— 55 to -i- 1 50 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


BCW65AL = EA 


BCW65AL 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 


3 Collector 



GENERAL PURPOSE TRANSISTOR 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

32 

_ 

— 

Vdc 

Collector-Emitter Breakdown Voltage 

V(BR)CES 

60 

— 

— 

Vdc 

dC = 10 ^Adc, Veb = 0) 






Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

— 

Vdc 

(Ie = 10 fiAdc, Ic = 0) 






Collector Cutoff Current 

Ices 





(VcE = 32 Vdc, Ie = 0) 


— 

— 

20 

nAdc 

(VcE = 32 Vdc, Ie = 0, Ta = 150X) 


— 

— 

20 

jLiAdc 

Emitter Cutoff Current 

Iebo 

— 

— 

20 

nAdc 

(Veb = 4.0 Vdc, Ic = 0) 






ON CHARACTERISTICS 

DC Current Gain 

hFE 




— 

dC = 100 /LtAdc, VcE = 10 Vdc) 


35 

_ 

— 


dC = 10 mAdc, VcE = 1>0 Vdc) 


75 

— 

220 


(Ic = 100 mAdc, VcE = 10 Vdc) 


100 

— 

250 


dC = 500 mAdc, Vce = 2.0 Vdc) 


35 

— 

— 


Collector-Emitter Saturation Voltage 

VCE(sat) 


— 

— 

Vdc 

dC = 500 mAdc, Ib = 50 mAdc) 


— 

0.7 

— 


(Ic = 100 mAdc, Ib = 10 mAdc) 


— 

0.3 

— 


Base-Emitter Saturation Voltage 

VBE(sat) 

— 

— 

2.0 

Vdc 

(Ic = 500 mAdc, Ib = 50 mAdc) 







SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 20 mAdc, VcE = 10 Vdc, f = 100 MHz) 

fT 

100 

— 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Cobo 

— 

— ' 

12 

PF 

Input Capacitance 

(Veb = 0.5 Vdc, Ic = 0, f = l.o MHz) 

Cibo 

— 

_ 

80 

PF 

Noise Figure 

dC = 0.2 mAdc, Vce = 5.0 Vdc, Rs = 1-0 kO, 
f = 1.0 kHz, BW = 200 Hz) 

NF 

■ 


10 

dB 


SWITCHING CHARACTERISTICS 


Turn-On Time 

Obi = IB2 = 15 mAdc) 

Ion 

— 

— 

100 

ns 

Turn-Off Time 

dC = 150 mAdc, Rl = 150 a) 

toff 

— 

— 

400 

hs 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETS AND DIODES 


2-139 






MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

Vdc 

Collector-Base Voltage 

VCBO 

75 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

800 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25X 

Derate above 25°C 

1.8 

mW/°C 


Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

Rqja 

417 

°C/W 

Junction and Storage Temperature 

Tj/ Tstg 

- 55 to -t- 1 50 

°C 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


BCW66HL = EF 


BCW66HL 


CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 


3 Collector 



2 Emitter 


GENERAL PURPOSE TRANSISTOR 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 1 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dc = 10 mAdc, |0 = 0) 

V(BR)CEO 

45 

— 

— 

Vdc 

Collector-Emitter Breakdown Voltage 

V{BR)CES 

75 

— 

— 

Vdc 

dC = 10 AAdc, Veb = 0) 






Emitter-Base Breakdown Voltage 

V{BR)EBO 

5.0 

— 

— 

Vdc 

(Ie = 10 AAdc, Ic = 0) 






Collector Cutoff Current 

Ices 





(VcE = 45 Vdc, Ic = 0) 


— 

— 

20 

nAdc 

(VcE = 45 Vdc, Ic = 0, Ta = 150X) 


— 

— 

20 

/iAdc 

Emitter Cutoff Current 

Iebo 

— 

_ 

20 

nAdc 

(Veb = 4.0 Vdc, Ic = 0) 






ON CHARACTERISTICS 

DC Current Gain 1 

hFE 




_ 

dC = 100 /xAdc, VcE = 10 V) 


35 

— 

— 


dC - 10 mAdc, VcE = 10 V) 


75 

— 

— 


dC = 100 mAdc, VcE = 10 V) 


100 

_ 

250 


dC = 500 mAdc, Vce = 2.0 Vdc) 


35 

— 

— 


Collector-Emitter Saturation Voltage 

VcE(sat) 




Vdc 

dC = 500 mAdc, Ig = 50 mAdc) 


— 

0.7 

— 


dC = 100 mAdc, Ib = 10 mAdc) 


— 

0.3 

— 


Base-Emitter Saturation Voltage 

VBE(sat) 

— 

— 

2.0 

Vdc 

(Ic = 500 mAdc, Ib = 50 mAdc) 







SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 20 mAdc, VcE = 10 Vdc, f = 100 MHz) 

fT 

100 

— 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Cobo 

— 

— 

12 

PF 

Input Capacitance 

(Veb = 0.5 Vdc, Ic = 0, f = l.o MHz) 

o 

.Q 

6 

— 

— 

80 

PF 

Noise Figure 

dc = 0.2 mAdc, Vce = 5.0 Vdc, Rs = 1-0 kO, 
f = 1.0 kHz, BW = 200 Hz) 

NF 



10 

dB 


SWITCHING CHARACTERISTICS 


Turn-On Time 

Obi = IB2 = 15 mAdc) 

Ion 

— 

— 

100 

ns 

Turn-Off Time 

dc = 150 mAdc, Rl = 150 H) 

toff 

— 

— 

400 

ns 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 






MAXIMUM RATINGS 


Rating 

Symbol 

BCW67 

BCW68 

Unit 

Collector-Emitter Voltage 

VCEO 

32 

45 

Vdc 

Collector-Base Voltage 

VCBO 

45 

60 I 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

800 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25°C 




Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 




Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj/ Tstq 

— 55 to -1-150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


BCW67L = DD; BCW68L = DP; BCW67AL = DA; BCW67BL = DB; 
BCW67CL = DC; BCW68FL = DF; BCW68GL = DH 


BCW67L, AL, BL, CL 
BCW68L, FL, GL 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 



3 Collector 



2 Emitter 


GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 


ELECTRICAL CHARACTERISTICS (1^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 10 mAdc, Ib = 0) 

BCW67 Series 

BCW68 Series 

V(BR)CEO 

— 

32 

45 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage 


V(BR)CES 




Vdc 

dc = 10 /xAdc, Veb = 0) 

BCW67 Series 


45 

— 

— 



BCW68 Series 


60 

— 

— 


Emitter-Base Breakdown Voltage 


V{BR)EBO 

5.0 

— 

— 

Vdc 

(IE = 10 AAdc, Ic = 0) 







Collector Cutoff Current 


Ices 





(VcE = 32 Vdc, Ie = 0) 

BCW67 Series 


— 

— 

20 

nAdc 

(VcE = 45 Vdc, Ie = 0) 

BCW68 Series 


— 

— 

20 


(VcE = 32 Vdc, Ib = 0, Ta = 150X) 

BCW67 Series ! 


— 

— 

10 

/uAdc 

(VcE = 45 Vdc, Ib = 0, Ta = 150X) 

BCW68 Series 


— 

— 

10 


Emitter Cutoff Current 


Iebo 

_ 

_ 

20 

nAdc 

(Veb = 4.0 Vdc, Ic = 0) 








ON CHARACTERISTICS 


DC Current Gain 

hFE 




— 

dc = 10 mAdc, VcE = 10 Vdc) BCW67L,AL,68L,FL 


75 

— 



BCW67BL,68GL 


120 

— 

— 


BCW67CL 


180 

— 

— 


dc = 100 mAdc, VcE = 10 Vdc) BCW67L,AL,68L,FL 


100 



250 


BCW67BL,68GL 


160 

— 

400 


BCW67CL 


250 

— 

630 


dc = 300 mAdc, VcE = 10 Vdc) BCW67L,AL,68L,FL 


35 



_ 


BCW67BL,68GL 


60 

— 

— 


BCW67CL 


100 

— 

— 


Collector-Emitter Saturation Voltage dc = 300 mAdc, Ib = 30 mAdc) 

VcE(sat) 

— 

— 

1.5 

Vdc 

Base-Emitter Saturation Voltage dc = 500 mAdc, Ib = 50 mAdc) 

VBE(sat) 

— 

- 

2.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 20 mAdc, VcE = 10 Vdc, f = 100 MHz) 


100 

- 

— 

MHz 

Output Capacitance (Vcb = 10 Vdc, Ie = 0, f = 1.0 MHz) 

^obo 

— 

— 

18 

PF 

Input Capacitance (Veb = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

Cibo 

— 

— 

1015 

PF 

Noise Figure (Ic = 0.2 mAdc, VcE = 5.0 Vdc, Rs = 1.0 kft, 
f = 1.0 kHz, BW = 200 Hz) 

NF 

— 

— 

10 

dB 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


2-141 







MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

>C 

100 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tjf Tstg 

- 55 to +150 

X 


*FR-5 = 1.0x 0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


BCW69L = HI; BCW70L = H2 


BCW69L 

BCW70L 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 


3 Collector 



2 Emitter 


GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 


Refer to 2N5086 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 2.0 mAdc, Ib = 0) 

V{BR)CEO 

45 

— 

Vdc 

Collector-Emitter Breakdown Voltage 

V(BR)CES 

50 

— 

Vdc 

dC = 100 fjuAdc, Veb = 0) 





Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

Vdc 

(IE = 10 AAdc, Ic = 0) 





Collector Cutoff Current 

'CBO 




(VCB = 20 Vdc, Ie = 0) 


— 

100 

nAdc 

(VcB = 20 Vdc, Ie = 0, Ta = 100X) 


— 

10 

jtiAdc 


ON CHARACTERISTICS 


DC Current Gain 

dC = 2.0 mAdc, Vce = 5.0 Vdc) 

BCW69L 

BCW70L 

hFE 

120 

215 

260 

500 

— 

Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 0.5 mAdc) 


VcE(sat) 

— 

0.3 

Vdc 

Base-Emitter On Voltage 
dC = 2.0 mAdc, Vqe = 5.0 Vdc) 


VBE(on) 

0.6 

0.75 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Ie = 0^ VcB = 10 Vdc, f = 1.0 MHz) 

Cobo 

— 

7.0 

PF 

Noise Figure 

dC = 0.2 mAdc, Vqe = 5.0 Vdc, Rs = 2.0 ka, 
f = 1.0 kHz, BW = 200 Hz) 

NF 


10 

dB 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 






MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

Vdc 

Collector-Base Voltage 

VCBO 

50 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

100 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R0JA 

,556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R0JA 

417 

X/W 

Junction and Storage Temperature , 

Tj' Tstg 

— 55 to -1-150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


BCW71L = K1; BCW72L = AH 


BCW71L 

BCW72L 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 


3 Collector 



2 Emitter 


GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 


Refer to MPS3904 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit ] 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 2.0 mAdc, Veb = 0) 

V(BR)CEO 

45 

— 

— 

Vdc 

Collector-Emitter Breakdown Voltage 

V(BR)CES 

45 

— 

— 

Vdc 

dC = 2.0 mAdc, Veb = 0) 






Collector-Base Breakdown Voltage 

V(BR)CBO 

50 

— 

— 

Vdc 

dC = 10 fiAdc, Ie = 0) 






Emitter-Base Breakdown Voltage I 

V(BR)EBO 

5.0 

— 

— 

Vdc 

(Ie = 10 AAdc, Ic = 0) 






Collector Cutoff Current 
(VcB = 20 Vdc, Ie = 0) 

ICBO 



100 

nAdc 

(VcB = 20 Vdc, Ie = 0, Ta = 100X) 


— 

— 

10 

/lAdc 


ON CHARACTERISTICS 


DC Current Gain 

dC = 2.0 mAdc, Vqe = 5.0 Vdc) BCW71L 

BCW72L 

hFE 

110 

200 

- 

220 

450 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 0.5 mAdc) 
dC = 50 mAdc, Ib = 2.5 mAdc) 

VcE(sat) 

- 

0.21 

0.25 

Vdc 

Base-Emitter Saturation Voltage 
dC = 50 mAdc, Ib = 2.5 mAdc) 

VBE(sat) 

— 

0.85 

— 

Vdc 

Base-Emitter On Voltage 
dC = 2.0 mAdc, Vqe = 5.0 Vdc) 

VBE(on) 

0.6 

— 

0.7 

5 

Vdc 

SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, Vce = 5.0 Vdc, f = 35 MHz) 

fT 

— 

300 

- 


MHz 

Output Capacitance 
dE = 0, Vce = 10 Vdc, f = 1.0 MHz) 

Cobo 

— 

— 

4.0 

PF 

Input Capacitance 

dC = 0, Veb = 0.5 Vdc, f = l.o MHz) 

Cibo 

~ 

9.0 

— 

PF 

Noise Figure 

dC = 0.2 mAdc, VcE == 5.0 Vdc, Rs = 2.0 kft, 
f = 1.0 kHz, BW = 200 Hz) 

NF 



10 

dB 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

BCX17L 

BCX19L 

BCX18L 

BCX20L 

Collector-Emitter Voltage 

VCEO 

45 

25 

Vdc 

Collector-Base Voltage 

VCBO 

50 

30 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

500 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25°C 




Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

P0JA 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 




Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R6»JA 

417 

X/W 

Junction and Storage Temperature 

Tj/ Tstq 

— 55 to -1-150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


PNP NPN 

BCX17L BCX19L 

BCX18L BCX20L 

3 Collector 3 Collector 



2 Emitter 2 Emitter 


CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 



GENERAL PURPOSE 
TRANSISTORS 


DEVICE MARKING 

I BCX17L ^ T1; BCX18L = T2; BCX19L ^ U1; BCX20L = U2 


ELECTRICAL CHARACTERISTICS (T/^ = 25X unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mAdc, Ib = 0) 

BCX17L,19L 

BCX18L,20L 

V(BR)CEO 

45 

25 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage 


V(BR)CES 




Vdc 

dC = 10 /xAdc, Ic = 0) 

BCX17L,19L 


50 

— 

— 



BCX18L,20L 


30 

— 

— 


Collector Cutoff Current 


'CBO 





(VcB = 20 Vdc, Ie = 0) 



— 

— 

100 

nAdc 

(VcB = 20 Vdc, Ie = 0, Ta = 150X) 



— 

— 

5.0 

juAdc 

Emitter Cutoff Current 


Iebo 

— 

— 

10 

^Adc 

(Vbe = 5.0 Vdc, Ic = 0) 








ON CHARACTERISTICS 


DC Current Gain 

dC = 100 mAdc, VcE = 10 Vdc) 
dC = 300 mAdc, VcE = 1-0 Vdc) 

(Ic = 500 mAdc, VcE = 1-0 Vdc) 

hFE 

100 

70 

40 

- 

600 


Collector-Emitter Saturation Voltage 
dC = 500 mAdc, Ib = 50 mAdc) 

VcE(sat) 

— 

— 

0.62 

Vdc 

Base-Emitter On Voltage 
dC = 500 mAdc, VcE = 10 Vdc) 

VBE{on) 

— 

— 

1.2 

Vdc 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 








MAXIMUM RATINGS 


Rating 

Symbol 

BCX 

58 

BCX 

59 

Unit 

Collector-Emitter Voltage 

VCEO 

32 

45 

Vdc 

Collector-Base Voltage 

VCBO 

32 

45 

Vdc 

Emitter-Base Voltage 

vebo 

7.0 

Vdc 

Collector Current - Continuous 

ic 

100 

mAdc 

Total Device Dissipation @Ta = 25°C 

pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @Tc = 25°C 

pd 

1 

5 

Watt 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj. Tstg 

- 55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rf^JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

200 

°c/w 


BCX58-7, -8, -9, -10 
BCX59-7, -8, -9, -10 

CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 



AMPLIFIER TRANSISTORS 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mAdc, Ib = 0) 

BCX58 Series 

BCX59 Series 

V(BR)CEO 

32 

45 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(Ig = 1.0 nAdc, Ic = 0) 

All 

V(BR)EBO 

7.0 

8.7 

— 

Vdc 

Collector Cutoff Current 







(VcE = 32 V) 

BCX58 Series 

ICES 

— 

— 

10 

nAdc 

(VcE = 45 V) 

BCX59 Series 

Ices 

— 

— 

10 


(VcE = 32 V, Ta = 100X, Vqe = 0.2 V) 

BCX58 Series 

ICEX 

— 

— 

20 

^Adc 

(VcE = 45 V, Ta = lOOX, Vbe = 0.2 V) 

BCX59 Series 

ICEX 

— 

— 

20 


(VcE = 32 V, Ta = 125°C) 

BCX58 Series 

Ices 

— 

— 

2.5 


(VcE = 45 V, Ta = 125°C) 

BCX59 Series 

Ices 

— 

— 

2.5 


Emitter-Cutoff Current 

(Vebo = 4.o v, ic = o) 


Iebo 

— 

— 

20 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 

dC = 10 fiAdc, VcE = 5.0 Vdc) BCX58-7, BCX59-7 

BCX58-8, BCX59-8 

BCX58-9, BCX59-9 
BCX58-10, BCX59-10 

dC = 2.0 mAdc, Vqe = 5.0 Vdc) BCX58-7, BCX59-7 

BCX58-8, BCX59-8 

BCX58-9, BCX59-9 
BCX58-10, BCX59-10 

dC = 10 mAdc, VcE = TO Vdc) BCX58-7, BCX59-7 

BCX58-8, BCX59-8 

BCX58-9, BCX59-9 
BCX58-10, BCX59-10 

dC = 100 mAdc, VcE = 2.0 Vdc) BCX58-7, BCX59-7 

BCX58-8, BCX59-8 

BCX58-9, BCX59-9 
BCX58-10, BCX59-10 

hPE 

20 

40 

75 

100 

120 

180 

250 

380 

80 

120 

160 

240 

40 

45 

60 

60 

80 

145 

220 

300 

170 

250 

350 

500 

190 

260 

380 

550 

220 

310 

460 

630 

400 

630 

1000 


Collector-Emitter Saturation Voltage 
(Ic = 100 mAdc, Ib = 5.0 mAdc) 

VCE(sat) 

— 

— 

0.5 

Vdc 

Base-Emitter Saturation Voltage 
(Ic = 100 mA, Ib = 2.5 mAdc) 

VBE(sat) 

— 

— 

1.0 

Vdc 

Base-Emitter On Voltage 
dC = 2.0 mAdc, Vce = 5.0 Vdc) 

VBE(on) 

0.55 

— 

0.7 

Vdc 
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BCX58-7, -8, -9, -10, BCX59-7, -8, -9, -10 

ELECTRICAL CHARACTERISTICS (continued) (Ta = 25X unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max [ Unit 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain Bandwidth Product 
dC = 10 mAdc, VcE = 5.0 V, f = 100 MHz) 

It 

125 

250 

— 


Output Capacitance 

^ob 

— 

1.8 


pF 

(VcE = 10 Vdc, Ic = 0, f = 1.0 MHz) 






Input Capacitance 

Cib 

_ 

5.2 



(Vbe = 0.5 V, Ic = 0, f = 1.0 MHz) 






Small-Signal Current Gain 

hfe 




_ 

dC = 2.0 mAdc, Vqe = 5.0 Vdc, f = 1.0 kHz) BCX58-7, BCX59-7 


125 

— 

250 


BCX58-8, BCX59-8 


175 

— 

350 


BCX58-9, BCX59-9 


250 

— 

500 


BCX58-10, BCX59-10 


350 

— 

700 


Noise Figure 

NF 





(Ic = 0.2 mAdc, VcE = 5.0 Vdc, Rs = 2.0 kohms, f = 1.0 kHz) 


— 

1.0 



(Ic = 10 mA, Ibi = 1.0 mA, Ib 2 = 10 mA) 

Td 

— 

16 



(Vbb = 3.6 V, Ri = R2 = 5.0 kft) 

Tr 

— 

29 



(Rl = 999 ohms) 

Ton 

— 

45 



*See test circuit 

Ts 



475 




Tf 

— 

40 




Toff 

— 

515 



(Ic = 100 mA, Ibi = 10 mA, Ib 2 = 10 mA) 

Id 

— 

5.0 



(Vbb = 5.0 V, Rl = 500 ft, R2 = 700 ft) 

tr 

— 

40 



(Rl = 98 ohms) 

ton 

— 

45 



*See test circuit 

ts 

— 

135 




tf 

— 

80 




toff 

— 

215 




1 /is 



Tr < 5 ns 
Rj = 50 il 
V < 0 01 


-Vbb +10\/{Vqq) 



to oscilloscope 
tr 5 ns 
Zb > 100 kH 
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C, CAPACITANCE (pF) VcE, COLLECTOR EMITTER VOLTAGE (V) OC, CURRENT GAIN (hpE) 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

Vdc 

Collector-Base Voltage 

VCBO 

45 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

200 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj. Tsta 

— 55 to -1-150 

X 


*FR-5 = 1.0x0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


BCX70GL = AG; BCX70HL = AH; BCX70JL = AJ; BCX70KL = AK 


BCX70GU HL, JL, KL 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 




GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 


Refer to MPS3904 for graphs. 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 2.0 mAdc, Ie = 0) 

V(BR)CEO 

45 

— 

Vdc 

Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 1.0 AAdc, Ic = 0) 





Collector Cutoff Current 

Ices 




(VcE = 32 Vdc) 


— 

20 

nAdc 

(VcE = 32 Vdc, Ta = 150X) 


— 

20 

^Adc 

Emitter Cutoff Current 

Iebo 

— 

20 

nAdc 

(Veb = 4.0 Vdc, Ic = 0) 






ON CHARACTERISTICS 


DC Current Gain 


hFE 





dC = 10 /uAdc, VcE = 5.0 Vdc) 

BCX70GL 


— 

_ 



BCX70HL 


20 

— 



BCX70JL 


40 

— 



BCX70KL 


100 

— 


dC = 2.0 mAdc, VcE = 5.0 Vdc) 

BCX70GL 


120 

220 



BCX70HL 


180 

310 



BCX70JL 


250 

460 



BCX70KL 


380 

630 


dC = 50 mAdc, VcE = 10 Vdc) 

BCX70GL 


60 

_ 



BCX70HL 


70 

— 



BCX70JL 


90 

— 



BCX70KL 


100 

— 


Collector-Emitter Saturation Voltage 


VcE(sat) 



Vdc 

dC = 50 mAdc, Ib = 1.25 mAdc) 


— 

0.55 


dC = 10 mAdc, Ib = 0.25 mAdc) 



— 

0.35 


Base-Emitter Saturation Voltage 


VBE(sat) 



Vdc 

dC = 50 mAdc, Ib = 1.25 mAdc) 



0.7 

1.05 


dC = 50 mAdc, Ib = 0.25 mAdc) 



0.6 

0.85 


Base-Emitter On Voltage 


VBE(on) 

0.55 

0.75 

Vdc 

dC = 2.0 mAdc, VcE = 5.0 Vdc) 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

V 

Collector-Base Voltage 

VCBO 

45 

V 

Emitter-Base Voltage 

Vebo 

5.0 

V 

Collector Current — Continuous 

'c 

100 

mAdc 


THERMAL CHARACTERISTICS 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj' Tstq 

- 55 to +150 

X 


BCX71GL = BG; BCX71JL = BJ; BCX71KL = BK 


BCX71GL, JL, KL 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 



GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage dc = 2.0 mAdc, Ib = 0) 

V(BR)CEO 

45 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 1-0 ^lMc, Ic = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current (Vqe = 32 Vdc) 

Ices 

— 

20 

nAdc 

(VcE = 32 Vdc, Ta = 150X) 


— 

20 

fiMc 


ON CHARACTERISTICS 


DC Current Gain 


hFE 



_ 

(Ic = 10 )LtAdc, VcE = 5.0 Vdc) 

BCX71GL 


— 

— 



BCX71JL 


40 

— 



BCX71KL 


100 

— 


dc = 2.0 mAdc, Vce = 5.0 Vdc) 

BCX71GL 


120 

220 



BCX71JL 


250 

460 



BCX71KL 


380 

630 


dc = 50 mAdc, Vce = l O Vdc) 

BCX71GL 


60 

— 



BCX71JL 


100 

— 



BCX71KL 


110 

— 


dc = 2.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 

BCX71GL 


125 

250 



BCX71JL 


250 

500 



BCX71KL 


350 

700 


Collector-Emitter Saturation Voltage dc = 10 mAdc, Ib = 0.25 mAdc) 

VcE(sat) 

— 

0.25 

Vdc 

dc = 50 mAdc, Ib = 1.25 mAdc) 


— 

0.55 


Base-Emitter Saturation Voltage dc = 10 mAdc, Ib = 0.25 mAdc) 


VBE(sat) 

0.6 

0.85 

Vdc 

dc = 50 mAdc, Ib = 1.25 mAdc) 



0.68 

1.05 


Base-Emitter On Voltage dc = 2.0 mAdc, Vce = 5.0 Vdc) 

VBE(on) 

0.6 

0.75 

Vdc 

Output Capacitance (Vce = “lO Vdc, Ic == 0, f = 1.0 MHz) 

Cobo 

— 

6.0 

PF 

Noise Figure 


NF 

— 

6.0 

dB 

dc = 0.2 mAdc, Vce = 5.0 Vdc, Rs = 2.0 kO, f = 1.0 kHz, BW 

= 200 Hz) 






SWITCHING CHARACTERISTICS 


Turn-On Time dc = 10 mAdc, Ibi == 1.0 mAdc) 

ton 

— 

150 

ns 

Turn-Off Time 

(IB2 = 1-0 mAdc, Vbb = 3.6 Vdc, R1 = R2 = 5.0 kO, Rl = 990 ft) 

toff 

— 

800 

ns 
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MAXIMUM RATINGS 


Rating 

Symbol 

BCX 

78 

BCX 

79 

Unit 

Collector-Emitter Voltage 

VCEO 

32 

45 

Vdc 

Collector-Base Voltage 

VCBO 

32 

45 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

ic 

100 

mAdc 

Total Device Dissipation @Ta = 25°C 

pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @Tc = 25°C 

pd 

1.5 

Watt 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 

Tj. Tstg 

-55 to +150 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rf^jc 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

200 

°c/w 

ELECTRICAL CHARACTERISTICS (Ta = 

25°C unless otherwise noted.) 


BCX78-7L,-8L,-9L,-10L 

BCX79-7L,-8L,-9L,-10L 

CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 



1 Collector 


AMPLIFIER TRANSISTORS 

PNP SILICON 


Characteristic 


Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 


V(BR)CEO 




Vdc 

dC = 10 mAdc, Ib = 0) 

BCX78 Series 

32 

— 

— 



BCX79 Series 


45 

— 

— 


Emitter-Base Breakdown Voltage 

All 

V(BR)EBO 

5.0 

6.8 

— 

Vdc 

(Ie = 10 ixAdc, Ic = 0) 






Collector Cutoff Current 







(VcE = 32 V) 

BCX78 Series 

Ices 

— 

— 

10 

nAdc 

(VcE = 45 V) 

BCX79 Series 

Ices 

— 

— 

10 


(VcE = 32 V, Ta = 100X, Vbe = 0.2 V) 

BCX78 Series 

ICEX 

— 

— 

20 

fx-Adc 

(VcE = 45 V, Ta = ioo°c, Vbe = 0.2 v) 

BCX79 Series 

ICEX 

— 

— 

20 


(VcE = 32 v, Ta = 125°C) 

BCX78 Series 

Ices 

— 

— 

2.5 


' (VcE = 45 V, Ta = 125°C) 

BCX79 Series 

Ices 

— 

— 

2.5 


Emitter-Cutoff Current 


iebo 

_ 

— 

20 

nAdc 

<VeB0 = 4.0 V, Ic == 0) 







ON CHARACTERISTICS 

DC Current Gain 


hPE 




— 

dC = 10 AtAdc, VcE = 5.0 Vdc) 

BCX78-7L, BCX79-7L 


20 

140 

— 



BCX78-8L, BCX79-8L 


40 

200 

— 



BCX78-9L, BCX79-9L 


75 

270 

— 



BCX78-10L, BCX79-10L 


100 

340 

— 


(Ic = 2.0 mAdc, VcE = 5.0 Vdc) 

BCX78-7L, BCX79-7L 


120 

170 

220 



BCX78-8L, BCX79-8L 


180 

250 

310 



BCX78-9L, BCX79-9L 


250 

350 

460 



BCX78-10L, BCX79-10L 


380 

500 

630 


dC = 10 mAdc, VcE = 10 Vdc) 

BCX78-7L, BCX79-7L 


80 

180 

— 



BCX78-8L, BCX79-8L 


120 

260 

400 



BCX78-9L, BCX79-9L 


160 

360 

630 



BCX78-10L, BCX79-10L 


240 

500 

1000 


dC = 100 mAdc, VcE = 2.0 Vdc) 

BCX78-7L, BCX79-7L 


40 

— 

— 



BCX78-8L, BCX79-8L 


45 

— 

— 



BCX78-9L, BCX79-9L 


60 

— 

— 



BCX78-10L, BCX79-10L 


60 

— 

— 


Collector-Emitter Saturation Voltage 


VcE(sat) 

— 

— 

0.6 

Vdc 

dC = 100 mAdc, Ib ^ 5.0 mAdc) 







Base-Emitter Saturation Voltage 


VBE(sat) 

— 

— 

1.0 

Vdc 

dC = 100 mA, Ib = 5.0 mAdc) 







Base-Emitter On Voltage 


VBE{on) 

0.55 

— 

0.7 

Vdc 

dC = 2.0 mAdc, VcE = 5.0 Vdc) 
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BCX78-7L, -8L, -9L, -10L, BCX79-7L, -8L, -9L, -10L 


ELECTRICAL CHARACTERISTICS (continued) (T/\ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain Bandwidth Product 
dC = 10 mAdc, VcE = 5.0 V, f = 100 MHz) 

fT 

— 

200 

— 

MHz 

Output Capacitance 

Cob 

_ 

2.6 

4.5 

pF 

(VcE = 10 Vdc, Ic = 0, f = 1.0 MHz) 






Input Capacitance 

Cib 

— 

8.5 

15 

PF 

(Vbe = 0.5 V, Ic = 0,f = 1.0 MHz) 






Small-Signal Current Gain 

hfe 




_ 

dC = 2.0 mAdc, Vqe = 5.0 Vdc, f = 1.0 kHz) BCX78-7L, BCX79-7L 


125 

200 

250 


BCX78-8L, BCX79-8L 


175 

260 

350 


BCX78-9L, BCX79-9L 


250 

330 

500 


BCX78-10L, BCX79-10L 


350 

520 

700 


Noise Figure 

NF 




dB 

dC = 0.2 mAdc, Vqe = 5.0 Vdc, Rg = 2.0 kohms, f = 1.0 kHz) 



1.0 

6.0 


dC = 10 mA, Ibi = 1.0 mA, Ib 2 = 1-0 mA) 

Td 


17 

— 

nS 

(Vbb = 3.6 V, Ri = R2 = 5.0 kO) 

Tr 

— 

27 

— 


(Rl_ = 999 ohms) 

Ton 

— 

44 

150 


*See test circuit 

Ts 

— 

400 

— 



Tf 

— 

60 

— 



Toff 

— 

460 

800 


dC = 100 mA, Ibi = 10 mA, Ib 2 = 10 mA) 

td 

__ 

5.0 

— 

ns 

(Vbb = 5.0 V, Ri = 500 a, R2 = 700 a) 

tr 

— 

20 

— 


(RL = 98 ohms) 

ton 

— 

25 

150 


*See test circuit 

ts 

— 

130 





tf 

— 

40 

_ 



toff 

— 

170 

800 



TEST CIRCUIT 


1 Ms 



Tr <5 ns 
Rj = 50 i'L 
V < 001 


+'^BB — IOVIVqq) 



to oscilloscope 
tf 5 ns 
Zb > 100 Kn 
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C, CAPACITANCE (pF) VcE, COLLECTOR EMITTER VOLTAGE (V) hpE. DC CURRENT GAIN 


BCX78-7L, -8L, -9L, -10L, BCX79-7L, -8L, -9L, -10L 


FIGURE 1 - NORMALIZED DC CURRENT GAIN 


FIGURE 2 - “SATURATION" AND "ON" VOLTAGES 



060810 20 40 6080 10 

Vr, reverse VOLTAGE (VOLTS) 


OS 1 0 2 0 3 0 SO 10 

ir, COLLECTOR CURRENT (mAdc) 
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MAXIMUM RATINGS 


Rating 

Symbol 

BDB 

01A 

BDB 
01 B 

BDB 

01C 

BDB 
01 D 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

60 

80 

100 

Vdc 

Collector-Base Voltage 

VCES 

45 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

ic 

0.5 

Adc 

Total Device Dissipation @Ta = 25°C 

pd 


1.0 


Watt 

Derate above 25°C 



8.0 


mW/°C 

Total Device Dissipation @Tc = 25°C 

pd 


2.5 


Watt 

Derate above 25°C 



20 


mW/°C 

Operating and Storage Junction 

Tj, Tstg 

- 

55 to +150 

°C 

Temperature Range 








THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rfyjc 

50 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

125 

°c/w 


BDBOIA, B, C, D 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 



ONE WATT 

AMPLIFIER TRANSISTORS 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 


1 

Characteristic 

1 Symbol | 

Min. 

1 Max. 1 

Unit 1 

OFF CHARACTERISTICS 







Collector-Emitter Voltage 
(Ic = 10 mA, iB = 0) 

BDBOIA 

BDBOIB 

BDB01C 

BDB01 D 

V(BR)CEO 

45 

60 

80 

100 


Vdc 

Collector Cutoff Current 


ICBO 




(VcB = 45 V, lE - 0) 

BDBOIA 



0.1 

(iAdc 

(VCB = 60 V, lE = 0) 

BDBOIB 



0.1 


(Vcb = 80 V, Ie = 0) 

BDB01C 



0.1 


(VcB = 100 V, lE = O) 

BDB01D 



0.1 


Emitter Cutoff Current 

i 

lEBO 




(Ic = 0, Veb - 5.0 V) 




100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 100 mA, VcE = 1 V) 

(Ic = 500 mA, VcE = 2 V) 

hPE 

40 

25 

400 


Collector-Emitter Saturation Voltage* 

(Ic = 1000 mA, Ib = 100 mA) 

VCE(sat) 


0.7 

Vdc 

Collector-Emitter On Voltage* 
dC = 1000 mA, VcE = 1 V) 

VBE(on) 


1.2 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain Bandwidth Product 
(Ic = 200 mA, VcE = 5 V, f = 100 MHz) 

fT 

50 


MHz 

Output Capacitance 
(VcB = 10 V, lE ■•= 0, f = 1 MHz) 

Cob 


30 

PF 


*Pulse Test: Pulse Width « 300 fis, Duty Cycle 2.0%. 
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fT, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) ^VB. TEMPERATURE COEFFICIENT (mV/oC) VcE. COLLECTOR EMITTER VOLTAGE (VOLTS) hpE, Ot CURRENT GAIN 


BDB01A, B, C, D 



1 0 


20 


3 0 


5 0 7 0 10 20 30 

IC. COLLECTOR CURRENT (mA) 

FIGURE 2 - COLLECTOR SATURATION REGION 



0 2 0 5 1.0 2 0 5.0 10 20 

Ib, base CURRENT (mA) 

FIGURE 4 - BASE-EMITTER 



0.5 1 0 2.0 5 0 10 20 50 100 200 500 

IC, COLLECTOR CURRENT (mA) 

FIGURE 6 - CURRENT GAIN -BANDWIDTH PRODUCT 




2 0 5.0 10 20 50 100 

IC, COLLECTOR CURRENT (mA) 



0 1 0 2 0 5 1 0 2 0 5 0 10 20 30 0 

Vr, REVERSE VOLTAGE (VOLTS) 

FIGURE 7 - ACTIVE REGION-SAFE OPERATING AREA 


2.0 3 0 5.0 7 0 10 20 30 50 70 100 

IC, COLLECTOR CURRENT (mA) 
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MAXIMUM RATINGS 


Rating 

Symbol 

BDB 

02A 

BDB 

02B 

BDB 

02C 

BDB 

02D 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

60 

80 

100 

Vdc 

Collector-Base Voltage 

VCES 

45 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

ic 

0.5 

Adc 

Total Device Dissipation @Ta = 25°C 

pd 


1.0 


Watt 

Derate above 25°C 



8.0 


mW/°C 

Total Device Dissipation @Tc = 25°C 

pd 


2.5 


Watt 

Derate above 25°C 



20 


mW/°C 

Operating and Storage Junction 

Tj, Tstg 

- 

55 to +150 

°C 

Temperature Range 








THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

RfyJC 

50 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

125 

°c/w 



ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 


1 

Characteristic 

1 Symbol | 

Min. 

1 Max. 1 

Unit 1 

OFF CHARACTERISTICS 







Collector-Emitter Voltage 
(Ic = 10 mA, Ib = 0) 

BDB02A 

BDB02B 

BDB02C 

BDB02D 

V(BR)CEO 

45 

60 

80 

100 


Vdc 

Collector Cutoff Current 


ICBO 




(VCB = 45 V, lE = 0) 

BDB02A 



0.1 

[lAdc 

(VcB = 60 V, lE = 0 ) 

BDB02B 



0.1 


(VcB = 80 V, lE - 0 ) 

BDB02C 



0.1 


(VcB = 100 V, lE = 0 ) 

BDB02D 



0.1 


Emitter Cutoff Current 


lEBO 




dC = 0, Veb = 5.0 V) 




100 

nAdc 


ON CHARACTERISTICS 


DC Current Gam 
dC = 100 mA, VcE = 1 V) 

(Ic = 500 mA, VcE = 2 V) 

hPE 

40 

25 

400 


Collector-Emitter Saturation Voltage* 
dC = 1000 mA, Ib = 100 mA) 

VCE(sat) 


0.7 

Vdc 

Co Hector- Emitter On Voltage* 
dC = 1000 mA, VcE = 1 V) 

VBE(on) 


1 .2 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gam Bandwidth Product 
dC = 200 mA, VcE = 5 V, f = 100 MHz) 

fT 

50 


MHz 

Output Capacitance 
(VcB = 10 V, lE ■-= 0, f = 1 MHz) 

Cob 


30 

PF 


*Pulse Test: Pulse Width 300 yxs, Duty Cycle 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 





fT, CURRENT-GAIN-BANOWlOTH PRODUCT (MHz) eVB. TEMPERATURE COEFFICIENT (mV/oC) Vqe, COLLECTOR-EMITTER VOLTAGE (VOLTS) hpE- DC CURRENT GAIN 
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BDCOIA, B, C, D 


MAXIMUM RATINGS 


Rating 

Symbol 

bdc bdc 

01A 01B 

BDC BDC 
01C 01D 

Unit 

Collector-Emitter Voltage 

VCEO 

45 60 

o 

o 

o 

00 

Vdc 

Collector-Base Voltage 

VCBO 

45 60 

80 IlOO 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

ic 

0.5 

Adc 

Total Device Dissipation @Ta = 25°C 

pd 

1 

0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Total Device Dissipation @Tc = 25°C 

pd 

2.5 

Watt 

Derate above 25°C 


20 

mW/°C 

Operating and Storage Junction 

Tj< Tstg 

-55 to +150 

°C 


CASE 29-03, STYLE 14 
TO-92 {TO-226AE) 




[ Temperature Range 

THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

RfyJC 

50 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

125 

°C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Voltage 

dC = 10 mA, IB = 0) 

BDC01A 

BDC01B 

BDC01C 

BDCOID 

Collector Cutoff Current 
(VcB = 45 V, lE = 0) BDC01A 

(VcB = 60 V, Ie = 0) BDC01B 

(VcB = 80 V, lE - 0) BDC01C 

(VCB = 100 V, lE = 0) BDCOID 

Emitter Cutoff Current 

dC = 0> VEB - 5.0 V) 

ON CHARACTERISTICS 


ONE WATT 

AMPLIFIER TRANSISTORS 

NPN SILICON 

Refer to BDB01 A for graphs. 


Symbol \ Min. 


V(BR)CE0 


DC Current Gain 

hPE 




(Ic = 100 mA, VCE = 1 V) 


40 

400 


dC = 500 mA, VcE = 2 V) 


25 



Collector-Emitter Saturation Voltage* 

VCE(sat) 




dC = 1000 mA, Ib = 100 mA) 


0.7 

Vdc 

Collector-Emitter On Voltage* 

VBE(on) 




dC = 1000 mA, VcE = 1 V) 


1.2 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain Bandwidth Product 
(Ic = 200 mA, VcE = 5 V, f = 100 MHz) 

fT 

50 


MHz 

Output Capacitance 
(VcB = 10 V, Ie = 0, f = 1 MHz) 

Cob 


30 

PF 


*Pulse Test: Pulse Width ^ 300 /xs, Duty Cycle 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

BDC 

02A 

BDC 

02B 

BDC 

02C 

BDC 

02D 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

60 

80 

100 

Vdc 

Collector-Base Voltage 

VCBO 

45 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

ic 

0.5 

Adc 

Total Device Dissipation @Ta = 25°C 
Derate above 25°C 

pd 

1.0 

8.0 

Watt 

mW/°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

pd 

2.5 

20 

Watt 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj- Tstg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rfyjc 

50 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

125 

°c/w 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 

Characteristic | Symbol | Min. | Max. | Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Voltage 
(Ic = 10 mA, IB = 0) 

BDC02A 

BDC02B 

BDC02C 

BDC02D 

V(BR)CE0 

45 

60 

80 

100 


Vdc 

Collector Cutoff Current 

ICBO 




(VCB = 45 V, lE = 0) 



0.1 

[lAdc 

(VcB = 60 V, lE = 0) 



0.1 


(VcB - 80 V, lE = 0) 



0.1 


(VcB = 100 V, lE = 0) 



0.1 


Emitter Cutoff Current 

iebo 




dC - 0, Veb - 5.0 V) 


i 

100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 100 mA, VcE ^ 1 
(Ic = 500 mA, VcE = 2 V) 

hpE 

40 

25 

400 


Collector-Emitter Saturation Voltage* 
dC = 1000 mA, Ib = 100 mA) 

VcE(sat) 


0.7 

Vdc 

Collector-Emitter On Voltage* 
dC = 1000 mA, VcE = 1 V) 

VBE(on) 


1 .2 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain Bandwidth Product 
(Ic = 200 mA, VcE = 5 V, f = 1 00 MHz) 

fT 

50 


MHz 

Output Capacitance 
(VcB = 10 V, lE - 0, f = 1 MHz) 

Cob 


30 

pF 


*Pulse Test: Pulse Width « 300 /xs, Duty Cycle 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

BDC 

05 

BDC 

07 

Unit 

Collector-Emitter Voltage 

VCEO 

300 

250 

Vdc 

Collector-Base Voltage 

VCBO 

300 

250 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current - Continuous 

ic 

500 

mAdc 

Total Device Dissipation @Ta = 25°C 

pd 



Watt 

Derate above 25°C 


8.0 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

pd 

2.5 

Watt 

Derate above 25°C 


50 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R6>JC 

50 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

125 

°c/w 


BDC05 

BDC07 

CASE 29-03, STYLE 14 
TO-92 (TO-226AE) 



ONE WATT 

HIGH VOLTAGE TRANSISTORS 

NPN SILICON 

Refer to MPSW42 for graphs. 


ELECTRICAL CHARACTERIST ICS (Ta = 25 °C unless otherwise noted) 

Characteristic | Symbol | Min. | Max. | Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(Ic = 1 mAdc, IB = 0) BDC05 

BDC07 

V(BR)CEO 

300 

250 


Vdc 

Collector-Base Breakdown Voltage 
dC = 100 pAdc, lE = 0) BDC05 

BDC07 

V(BR)CBO 

300 

250 


Vdc 

Emitter-Base Breakdown Voltage 

(IE = 100 iiAdc, Ic = 0) BDC05 

BDC07 

V(BR)EB0 

5.0 

5.0 


Vdc 

Collector Cutoff Current 

(VCB = 200 Vdc, lE = 0) BDC05 

BDC07 

'CBO 


0.01 

|j,Adc 

Emitter Cutoff Current 

(Vbe = 5.0 Vdc, Ic = 0) BDC05 

BDC07 

lEBO 


10 

[iAdc 


ON CHARACTERISTICS 


DC Current Gain 

(Ic == 25 mAdc, VcE = 20 Vdc) BDC05 

BDC07 

hpE 

40 

50 

— 


Collector-Emitter Saturation Voltage 
(Ic = 20 mAdc, Ib = 2.0 mAdc) 

VCE(sat) 


2 

Vdc 

Base-Emitter Saturation Voltage 
(Ic = 20 mA, Ib = 2.0 mA) 

VBE(sat) 


2.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain-Bandwidth Product 
dC = 10 mAdc, VcE = 10 Vdc, f = 50 MHz) 

fT 

60 

— 

MHz 

Collector-Base Capacitance 
(VcB = 30 Vdc, lE = 0, f = 1 .0 MHz) 

Ore 


2.8 

PF 


(1) Pulse Test; Pulse Width ^ 300 |is, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

BDC 

06 

BDC 

08 

Unit 

Collector-Emitter Voltage 

VCEO 

300 

250 

Vdc 

Collector-Base Voltage 

VCBO 

300 

250 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

ic 

500 

mAdc 

Total Device Dissipation @Ta = 25°C 

pd 

1 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Total Device Dissipation @Tc = 25°C 

pd 

2.5 

Watt 

Derate above 25°C 


20 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj- Tstg 

- 55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rf^JC 

50 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

125 

°c/w 



ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 

Characteristic | Symbol | Min. | Max. | Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(Ic = 1 mAdc, iB = 0) BDC06 

BDC08 

V{BR)CEO 

300 

250 


Vdc 

Collector-Base Breakdown Voltage 
(Ic = 100 laAdc, Ie = 0) BDC06 

BDC08 

V(BR)CB0 

300 

250 


Vdc 

Emitter-Base Breakdown Voltage 

(lE = 100 fiAdc, Ic = 0) BDC06 

BDC08 

V{BR)EB0 

5.0 

5.0 


Vdc 

Collector Cutoff Current 

(VcB = 200 Vdc, lE = 0) BDC06 

BDC08 

•CBO 


0.01 

pAdc 

Emitter Cutoff Current 

(Vbe = 5.0 Vdc, Ic = 0) BDC06 

BDC08 

lEBO 


10 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 

(Ic = 25 mA, VcE = 20 Vdc) BDC06 

BDC08 

hpE 

40 

50 

— 


Collector-Emitter Saturation Voltage 
(Ic = 20 mAdc, Ib = 2.0 mAdc) 

VCE(sat) 


2 

Vdc 

Base-Emitter Saturation Voltage 
(Ic = 20 mA, Ib = 2.0 mA) 

VBE(sat) 


2.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain-Bandwidth Product 
(Ic = 1 0 mAdc, VcE = 1 0 Vdc, f = 50 MHz) 

fT 

60 

— 

MHz 

Collector-Base Capacitance 
(VcB = 30 Vdc, lE = 0, f = 1 .0 MHz) 

Cre 


2.8 

PF 


(1) Pulse Test: Pulse Width ^ 300 |as. Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

25 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

vebo 

4.0 

Vdc 

Collector Current - Continuous 

ic 

100 

mAdc 

Total Device Dissipation @Ta = 25°C 

pd 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Device Dissipation @Tc = 25°C 

pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

Tj, Tstg 

- 55 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rf^jc 

125 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

357 

°C/W 



ELECTRICAL CHARACTERISTICS (Ta = 25 °C ufiiess otherwise noted) 


Characteristic | 

Symbol 

Min. 

Typ. 

Max. 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(Ic = 1 mAdc, Ib = 0) 

V(BR)CEO 

25 



Vdc 

Collector-Base Breakdown Voltage 
(Ic = 100 iiAdc, lE = 0) 

V(BR)CBO 

40 



Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 nAdc, Ic = 0) 

V(BR)EBO 

4 



Vdc 

Collector Cutoff Current 
(VcB = 20 Vdc, lE = 0) 

ICBO 



100 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
(Ic = 7 mAdc, VcE = 1 0 Vdc) 

hPE 

40 

85 



Base-Emitter On Voltage 
dC ^ 7 mAdc, VcE ^ 1 0 Vdc) 

VBE(on) 


770 

900 

mVdc 


SMALL-SIGNAL CHARACTERISTICS 


Current Gain-Bandwidth Product (2) 

(Ic = 5 mAdc, VcE = 1 0 Vdc, f = 1 00 MHz) 

fT 

400 

750 


MHz 

Common Emitter Feedback Capacitance 
(VcB = 1 0 Vdc, lE = 0, f = 1.0 MHz) 

Cre 


0.25 

0.35 

PF 

Noise Figure 

(Ic = 4 mA, VcE = 1 0 V, Rs = 50 Q, f = 35 MHz) 

Nf 


2.5 


dB 
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BF224 


MAXIMUM RATINGS 


Rating 

Synnbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Collector-Base Voltage 

VCBO 

45 

Vdc 

Emitter-Base Voltage 

Vebo 

4.0 

Vdc 

Collector Current - Continuous 

ic 

50 

mAdc 

Total Device Dissipation @Ta = 25°C 

pd 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Device Dissipation @Tc = 25°C 

pd 

1.0 

Watt 

Derate above 25 °C 


8.0 

mW/°C 

Operating and Storage Junction 

Tj- Tstg 

- 55 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rf^JC 

125 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

357 

°c/w 


CASE 29-04, STYLE 21 
TO-92 (TO-226AA) 



RF TRANSISTOR 

NPN SILICON 


Refer to BF240 for graphs. 


ELECTRICAL CHARACTERISTICS {Ta = 25 °C unless otherwise noted) 

Characteristic | Symbol | Min. | Typ. | Max. | Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 1 mAdc, Ib = 0) 

V(BR)CEO 

30 



Vdc 

Collector-Base Breakdown Voltage 
(Ic = 1 00 (iAdc, Ie = 0) 

V{BR)CB0 

45 



Vdc 

Emitter-Base Breakdown Voltage 
(lE = 100 |iAdc, Ic = 0) 

V(BR)EBO 

4 



Vdc 

Collector Cutoff Current 

(VcB = 20 Vdc, lE = 0) Ta = 25°C 

ICBO 



100 

nAdc 

Emitter Cutoff Current 
(Veb = 3.0 Vdc, Ic = 0) 

lEBO 



100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 7 mAdc, VcE "I 0 Vdc) 

hPE 

30 




Base-Emitter On Voltage 
(Ic = 7 mAdc, VcE = 10 Vdc) 

VBE(on) 


0.77 

0.9 

mVdc 

Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ib = 10 mAdc) 

VcE(sat) 



0.15 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current Gain-Bandwidth Product 
(Ic = 1 .5 mAdc, VcE 1 0 Vdc, f = 1 00 MHz) 

(Ic = 7 mAdc, VcE = 1 0 Vdc, f - 100 MHz) 

fT 

300 

600 

850 


MHz 

Common Emitter Feedback Capacitance 
(VcE = 10 Vdc, lE = 0, f = 1 MHz) 

Ore 


0.28 


PF 

Noise Figure 

(Ic = 1 .0 mAdc, VcE = 1 0 Vdc, Rs = 50 ohms, f = 1 00 MHz) 

f = 200 MHz 

Nf 


2.5 

3.5 


dB 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

vebo 

4.0 

Vdc 

Collector Current - Continuous 

ic 

25 

mAdc 

Total Device Dissipation @Ta = 25°C 

pd 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Device Dissipation @Tc = 25°C 

pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

— 55 to -1-1 50 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

125 

°C/W 

Thermal Resistance, Junction to Ambient 

Rwa 

357 

°c/w 



ELECTRICAL CHARACTERISTICS {Ta = 25 °C unless otherwise noted) 

Characteristic | Symbol | Min. | Typ, | Max. | Unit ] 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
dc = 1 mAdc, Ib = 0) 

V(BR)CEO 

40 



VfJ( 

Collector-Base Breakdown Voltage 
(Ic = 100 iiAdc, lE = 0) 

V(BR)CBO 

40 



Vdc 

Emitter-Base Breakdown Voltage 
(IE = 10 nAdc, Ic = 0) 

V(BR)EBO 

4 



Vdc 

Collector Cutoff Current 
(VcB = 20 Vdc, lE = 0) 

ICBO 



100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 

(Ic = 1 mAdc, VcE = 10 Vdc) BF240 

BF241 

hFE 

65 

35 


220 

125 


Base-Emitter On Voltage 
(Ic = 1 .0 mAdc, VcE = 1 0 Vdc) 

VBE(on) 

0.65 

0.70 

0.74 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current Gain-Bandwidth Product 
dc = 1 .0 mAdc, VcE = 1 0 Vdc, f = 1 00 MHz) BF240 

BF241 

fT 


600 

470 


MHz 

Common Emitter Feedback Capacitance 
(VcB = 1 0 Vdc, lE = 0, f = 1 .0 MHz) 

Ore 


0.28 

0.34 

PF 


(1) Pulse test: Pulse Width ^ 300 ^is. Duty cycle ^ 2.0%. 
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BF240, BF241 


FIGURE 1 - CURRENT GAIN-BANDWIDTH PRODUCT 


FIGURE 2 - CAPACITANCES 


0 ZVcE- 10V 
„-Ta - 250C 
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Vr, reverse voltage (VOLTS) 


FIGURE 3 -DC CURRENT GAIN 


FIGURE 4 - bile 
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BF240, BF241 


FIGURE 7 - glle (gie) 


FIGURE 8 -g21e (Yfe) 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

20 

Vdc 

Collector-Base Voltage 

VCBO 

30 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

ic 

100 

mAdc 

Total Device Dissipation @Ta = 25°C 

pd 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Device Dissipation @Tc = 25°C 

pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

Tj, Tstg 

-55 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

125 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

357 

°c/w 



ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 

Characteristic | Symbol | Min. | Typ. | Max. | Unit ] 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 1 0 mAdc, Ib = 0) 

V(BR)CEO 

20 



Vdc 

Collector-Base Breakdown Voltage 
(Ic = 1 0 (iAdc, Ie = 0) 

V(BR)CBO 

30 



Vdc 

Emitter-Base Breakdown Voltage 

(Ie = 10 laAdc, Ic = 0 ) 

V(BR)EB0 

5.0 



Vdc 

Collector Cutoff Current 
(VcB = 10 Vdc, Ie = 0) 

ICBO 



100 

nAdc 

Emitter Cutoff Current 
(Veb = 3.0 Vdc, Ic = 0) 

lEBO 



100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 

(Ic = 1.0 mA, VcE = 10 Vdc) BF254 

BF254-3 

BF254-4 

hFE 

65 

65 

100 


220 

125 

220 


Base-Emitter On Voltage 

(Ic = 1.0 mAdc, VcE = 10 Vdc) BF254 

VBE(on) 


0.68 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current Gain-Bandwidth Product 
dC = 1 .0 mAdc, VcE = 1 0 Vdc, f = 1 00 MHz) BF254 

fT 


260 


MHz 

Common Emitter Feedback Capacitance 
(VcB = 1 0 Vdc, Ie = 0, f = 1.0 MHz) 

Ore 


0.90 


pF 

Noise Figure 

(Ic = 1 .0 mAdc, VcE = 1 0 Vdc, f = 1 MHz, Rs = 50 ohms) 

Nf 


1.7 


dB 
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VbE ' VcE = 10 V (Volts) hpE, DC CURRENT GAIN 


BF254, -3, -4 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25 °C unless otherwise noted) 
TYPICAL ADMITTANCE PARAMETERS (Ip = 10 mAdc, VcE = 10 Vdc, frequency as stated.) 



f = 450 kHz 

f = 10.7 MHz 


Symbol 

BF254 

BF254 

Unit 

one 

0.2 

0.26 

mmhos 

bile 

0.05 

1.2 

mmhos 

g22e 

3.0 

5.3 

Amhos 

b22e 

8.0 

190 

Airihos 

bl2e 

-5.0 

-130 

Airihos 

gi2e 

-0.7 

-3.0 

(imhos 

g21e 

30 

30 

mmhos 

b21e 

-0.003 

-0.7 

mmhos 


FIGURE 1 - DC CURRENT GAIN 


FIGURE 2 - CURRENT GAIN - BANDWITH PRODUCT 



1 0 5 0 10 20 

IC, COLLECTOR CURRENT (mA) 



0 1 0 2 0 5 1 2 5 10 20 

IC, COLLECTOR CURRENT (mA) 


FIGURE 3 - "ON" VOLTAGE 


FIGURE 4 - CAPACITANCES 



2 5 10 

IC, COLLECTOR CURRENT (mA) 



0.1 0.2 0 5 1.0 2 0 5 0 10 20 

Vr, REVERSE VOLTAGE VOLTS 
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BF366 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Collector-Base Voltage 

VCBO 

35 

Vdc 

Emitter-Base Voltage 

vebo 

4.0 

Vdc 

Collector Current - Continuous 

ic 

25 

mAdc 

Total Device Dissipation @Ta = 25°C 

pd 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Device Dissipation @Tc = 25°C 

pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

- 55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R(9JC 

125 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

357 

°c/w 


CASE 29-04, STYLE 2 
TO-92 (TO-226AA) 



VHP TRANSISTOR 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 

Characteristic | Symbol [ Min. | Typ. | Max. | Unit ~| 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 1 .0 mAdc, IB = 0) 

V(BR)CEO 

30 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
(Ic = 100 laAdc, lE = 0) 

V(BR)CB0 

35 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
dE = 100 ^Adc, Ic = 0) 

V(BR)EB0 

4.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 15 Vdc, lE = 0) 

ICBO 

— 

— 

50 

nAdc 

Collector Cutoff Current 
(VcE = 12 Vdc, IB = 0) 

ICEO 

— 

— 

500 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(Ic ^ 3.0 mAdc, VcE ^ 10 Vdc) 

(Ic = 12 mAdc, VcE = 2.0 Vdc) 

hpE 

15 

5.5 

- 

- 


Base-Emitter On Voltage 
(Ic = 12 mAdc, VcE = 2.0 Vdc) 

VBE(on) 

— 

— 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current Gain-Bandwidth Product 
(IC = 3.0 mAdc, VcE = 10 Vdc, f = 1 00 MHz) 

n 

400 

— 

— 

MHz 

Feedback Capacitance (Common Emitter) 

(VcE = 10 Vdc, f = 1 MHz) 

Crb 

— 

— 

0.3 

pF 

Noise Figure 

(Ic ~ 3.0 mAdc, VcB 1 0 Vdc, 

RS = 50 Ohms, f = 200 MHz) 

Nf 



3.5 

dB 

Common-Emitter Amplifier Power Gam 
(Ic 3.0 mAdc, VcB ~ 1 0 Vdc, 

RS = 50 Ohms, f = 200 MHz) 

Gpb 

14 



dB 

Forward AGC Current 

(Gain Reduction = 30 dB, VcB = 1 0 V, f = 200 MHz) 

lAGC 

5 

— 

8 

mAdc 
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MAXIMUM RATINGS 


Rating 

Symbol 

BF 

371 

BF 

373 

Unit 

Collector- Emitter, Voltage 

VCEO 

30 

45 

Vdc 

Collector-Base Voltage 

VCBO 

40 

45 

Vdc 

Emitter-Base Voltage 

vebo 

4.0 

Vdc 

Collector Current - Continuous 

ic 

100 

mAdc 

Total Device Dissipation @Ta = 25°C 

pd 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Device Dissipation @Tc = 25°C 

pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

^9JC 

125 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

357 

°c/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ [ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 

BF371 

V(BR)CEO 

30 

— 

— 

Vdc 

dC = 1.0 mAdc, Ib = 0) 

BF373 

40 

— 

— 


Collector-Base Breakdown Voltage 

BF371 

V(BR)CBO 

40 

— 

— 

Vdc 

dC = 100 AAdc, Ie = 0) 

BF373 

45 

— 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

4.0 

— 

— 

Vdc 

(Ie = 10 AiAdc, Ic = 0) 






Collector Cutoff Current 


•CBO 

— 

_ 

50 

nAdc 

(VcB = 30 Vdc, Ie = 0) 

1 


1 


1 



ON CHARACTERISTICS 


DC Current Gain 
dC = 7.0 mAdc, Vqe = 10 Vdc) 
dC = 20 mAdc, Vqe = 2.0 Vdc) 

hFE 

40 

15 

- 

- 

— 

Collector-Emitter Saturation Voltage 
dC = 20 mAdc, Ib = 2.0 mAdc) 

VCE(sat) 

— 


0.5 

Vdc 

Base-Emitter On Voltage 
dC = 7.0 mA, VcE = 10 Vdc) 

'^BE(on) 

— 


0.9 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product BF371 

dC = 5.0 mAdc, Vqe = 10 Vdc, f = 100 MHz) BF373 

h 

400 

500 

720 

720 



MHz 

Common-Emitter Feedback Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Cre 

— 

0.2 

0.32 

PF 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

25 

Vdc 

Collector-Base Voltage 

VCBO 

30 

Vdc 

Emitter-Base Voltage 

vebo 

3.0 

Vdc 

Collector Current - Continuous 

ic 

100 

mAdc 

Total Device Dissipation @ Ta = 25°C 

pd 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

“55 to -t-150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rfyjc 

125 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

357 

°c/w 



ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 

Characteristic | Symbol | Min. | Typ. | Max. | Unit ~] 

OFF CHARACTERiSTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 1.0 mAdc, IB = 0) 

V(BR)CEO 

25 



Vdc 

Collector-Base Breakdown Voltage 
(Ic = 10 [lAdc, Ie = 0) 

V{BR)CB0 

30 



Vdc 

Emitter-Base Breakdown Voltage 
(IE = 10 pAdc, Ic = 0) 

V(BR)EBO 

3.0 



Vdc 

Collector Cutoff Current 
(VcB = 25 Vdc, lE = 0) 

ICBO 



100 

nAdc 

Emitter Cutoff Current 
(Veb = 2.0 Vdc, Ic = 0) 

lEBO 



100 

nAdc 


ON CHARACTERISTICS 


DC Current Gam 

dC = 1.0 mAdc, VcE = 10 Vdc) BF374 

BF375 

BF375C 

BF375D 

hFE 

70 

35 

70 

35 


250 

120 

120 

90 


Collector-Emitter Saturation Voltage 
(Ic = 1.0 mAdc, Ib = 0.1 mAdc) 

(Ic = 10 mAdc, Ib = 10 mAdc) 

VcE(sat) 


50 

70 


mVdc 

mVdc 

Base-Emitter Saturation Voltage 
(IC = 10 mAdc, Ib = 1 .0 mAdc) 

^BEIsat) 


830 


mVdc 

Base-Emitter On Voltage 
(IC = 1.0 mAdc, VcE = 1 0 Vdc) 

(Ic = 10 mAdc, VcE = 1 0 Vdc 

VBE(on) 


700 

770 


mVdc 

mVdc 


SMALL-SIGNAL CHARACTERISTICS 


Current Gain-Bandwidth Product 
dC = 1 .0 mAdc, VcE = 1 0 Vdc, f = 1 00 MHz) 

fT 

400 

800 


MHz 

Common Emitter Feedback Capacitance 
(VcB = 1 0 Vdc, lE = 0, f = 1 .0 MHz) 

Ore 


0.55 

0.6 

PF 

Collector-Base Time Constant 
(Ic = 4.0 mAdc, VcE = 10 Vdc, f = 31.8 MHz) 

>'bCc 


6 


ps 

Noise Figure 

(Ic = 1 .0 mAdc, VcE “ 1 0 Vdc, f = 100 MHz, Rs = 50 ohms) 

Nf 


4 


dB 

Common-Emitter Amplifier Power Gain 
(Ic = 1 .0 mAdc, VcE = 1 0 Vdc, f = 200 MHz) 

Gpe 


20 


dB 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


2-171 





BF374, BF375, C, D 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25 °C unless otherwise noted) 

TYPICAL ADMITTANCE PARAMETERS (ic = 1 -0 mAdc, VcE = 1 0 Vdc, frequency as stated) 

Symbol ' f= 10.7 MHz f = 30 MHz 100 MHz 

Giie 028 04 1.4 

Bile 06 _L6 5.0 

G22e ~ 6.5 7 20 

Booc 0.1 0.3 1.0 


FIGURE 1 — INPUT ADMITTANCE 
(Output short circuit) 


FIGURE 2 ~ OUTPUT ADMITTANCE 
(Input short circuit) 
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MAXIMUM RATINGS 


Rating 

Symbol 

BF 

391 

BF 

392 

BF 

393 

Unit 

Collector-Emitter Voltage 

VCEO 

200 

250 

300 

Vdc 

Collector-Base Voltage 

VCBO 

o 

o 

CM 

250 

CO 

o 

o 

Vdc 

Emitter-Base Voltage 

vebo 

6.0 

Vdc 

Collector Current - Continuous 

ic 

500 

mAdc 

Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

pd 

625 

5.0 

mW 

mW/°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Pd 

1.5 

12 

Watt 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj. Tstg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R(9JA 

200 

°c/w 


BF391 

thru 

BF393 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 



1 Emitter 


HIGH VOLTAGE TRANSISTORS 

NPN SILICON 

Refer to MPSA42 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 

Characteristic | Symbol | Min. | Max. | Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(Ic = 1.0 mAdc, Ib = 0) 

BF391 

BF392 

BF393 

V(BR)CEO 

200 

250 

300 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

(Ic = 100 liAdc, Ie = 0) 

BF391 


200 

— 



BF392 


250 

— 



BF393 


300 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 



Vdc 

(lE = 100 ixAdc, Ic = 0) 

BF391 


6.0 

— 



BF392 


6.0 

— 



BF393 


6.0 

— 


Collector Cutoff Current 


ICBO 



|j.Adc 

(VcB = 160 Vdc, Ie = 0) 

BF391 


— 

0.1 


(VcB = 200 Vdc, Ie = 0) 

BF392 


— 

0.1 


(VcB = 200 Vdc, Ie = 0) 

BF393 


— 

0.1 


Emitter Cutoff Current 


lEBO 



|j,Adc 

(VcB = 4.0 Vdc, Ic = 0) 

BF391 


— 

0.1 


(VcB = 6.0 Vdc, Ic = 0) 

BF392 


— 

0.1 


(VcB = 6.0 Vdc, Ic = 0) 

BF393 


— 

0.1 



ON CHARACTERISTICS 


DC Current Gain 

(Ic = 1 -0 mAdc, VcE = 1 0 Vdc) All Types 

(Ic = 10 mAdc, VcE = 1 0 Vdc) All Types 

hFE 

25 

40 

— 


Collector-Emitter Saturation Voltage 
(Ic = 20 mAdc, Ib = 2.0 mAdc) 

VCE(sat) 


2.0 

Vdc 

Base-Emitter Saturation Voltage 
dC = 20 mA, Ib = 2.0 mA) 

VBE(sat) 


2.0 

Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain - Bandwidth Product 
(Ic = 10 mAdc, VcE = 20 Vdc, f = 20 MHz) 

fT 

50 

— 

MHz 

Common Emitter Feedback Capacitance 
(VcB = 60 Vdc, Ie = 0, f = 1.0 MHz) 

Cre 


2.0 

PF 


(1) Pulse Test; Pulse Width ^ 300 |j.s, Duty Cycle ^ 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


2-173 






Rating 

Symbol 

BF 

420 

BF 

422 

Unit 

Collector-Emitter Voltage 

VCEO 

300 

250 

Vdc 

Collector-Base Voltage 

VCBO 

300 

250 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

ic 

500 

mAdc 

Total Device Dissipation @Ta = 25°C 

pd 

800 

mW 

Derate above 25°C 


6.4 

mW/°C 

Total Device Dissipation @Tc = 25°C 

pd 

2.75 

Watt 

Derate above 25°C 


22 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

- 55 to +150 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R«jc 

45 

°C/W 

Thermal Resistance, Junction to Ambient 

R6>JA 

156 

°c/w 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 

Characteristic | Symbol | Min. | Max. | Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
dC = 1 mAdc, IB = 0) BF420 

BF422 

V(BR)CEO 

300 

250 


Vdc 

Collector-Base Breakdown Voltage 
(Ic = 100 nAdc, Ie = 0) BF420 

BF422 

V(BR)CBO 

300 

250 


Vdc 

Emitter-Base Breakdown Voltage 

(lE = 100 ^Adc, Ic = 0) BF420 

BF422 

V(BR)EBO 

5.0 

5.0 


Vdc 

Collector Cutoff Current 

(VcB = 200 Vdc, lE = 0) BF420 

BF422 

ICBO 


0.01 

|iAdc 

Emitter Cutoff Current 

(Vbe = 5.0 Vdc, Ic = 0) BF420 

BF422 

lEBO 


100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 

(Ic = 25 mAdc, VcE = 20 Vdc) BF420 

BF422 

hFE 

50 

50 

- 


Collector-Emitter Saturation Voltage 
(Ic = 20 mAdc, Ib = 2.0 mAdc) 

VcE(sat) 


0.5 

Vdc 

Base-Emitter Saturation Voltage 
(Ic = 20 mA, Ib = 2.0 mA) 

VBE(sat) 


2.0 

Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain - Bandwidth Product 
dC = 1 0 mAdc. VcE = 1 0 Vdc, f = 50 MHz) 

fT 

60 

— 

MHz 

Common Emitter Feedback Capacitance 
(VcB = 30 Vdc, lE = 0, f = 1 .0 MHz) 

Cre 


1.6 

PF 


(1) Pulse Test: Pulse Width ^ 300 \is, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

BF 

421 

BF 

423 

Unit 

Collector-Emitter Voltage 

VCEO 

300 

250 

Vdc 

Collector-Base Voltage 

VCBO 

300 

250 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

ic 

500 

mAdc 

Total Device Dissipation @Ta = 25°C 

pd 

800 

mW 

Derate above 25°C 


6.4 

mW/°C 

Total Device Dissipation @Tc “ 25°C 

pd 

2.75 

Watt 

Derate above 25°C 


22 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^JC 

45 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

156 

°c/w 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 

Characteristic | Symbol | Min. | Max. | Unit ] 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(Ic = 1 mAdc, IB = 0) BF421 

BF423 

V{BR)CEO 

300 

250 


Vdc 

Collector-Base Breakdown Voltage 
dC = 100 (iAdc, lE = 0) BF421 

BF423 

V(BR)CB0 

300 

250 


Vdc 

Emitter-Base Breakdown Voltage 

(lE = 100 fiAdc, Ic = 0) BF421 

BF423 

V(BR)EBO 

5.0 

5.0 


Vdc' 

Collector Cutoff Current 

(VcB = 200 Vdc, lE = 0) BF421 

BF423 

ICBO 


0.01 

pAdc 

Emitter Cutoff Current 

(Vbe = 5.0 Vdc, Ic = 0) BF421 

BF423 

lEBO 


100 

nAdc 


ON CHARACTERISTICS 


DC Current Gam 

(Ic = 25 mA, VcE = 20 Vdc) BF421 

BF423 

hFE 

50 

50 

— 


Collector-Emitter Saturation Voltage 
(Ic = 20 mAdc, Ib = 2.0 mAdc) 

VCE(sat) 


0.5 

Vdc 

Base-Emitter Saturation Voltage 
(IC = 20 mA, Ib = 2.0 mA) 

VBE(sat) 


2.0 

Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain - Bandwidth Product 
(IC = 1 0 mAdc, VcE = 1 0 Vdc, f = 50 MHz) 

fT 

60 

— 

MHz 

Common Emitter Feedback Capacitance 
(VcB = 30 Vdc, Ie = 0, f = 1 .0 MHz) 

Ore 


2.8 

PF 


(1) Pulse Test: Pulse Width ^ 300 |is, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

BF 

491 

BF 

492 

BF 

493 

Unit 

Collector-Emitter Voltage 

VCEO 

o 

o 

CN 

250 

300 

Vdc 

Collector-Base Voltage 

VCBO 

O 

o 

CM 

250 

o 

Vdc 

Emitter-Base Voltage 

vebo 

6.0 

Vdc 

Collector Current - Continuous 

ic 

500 

mAdc 

Total Device Dissipation @Ta = 25°C 
Derate above 25°C 

pd 

625 

5.0 

mW 

mW/°C 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

pd 

1.5 

12 

Watt 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-55 to +150 

-^c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R6IJA 

200 

°c/w 



ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 

Characteristic | Symbol | Min. | Max. | Unit [ 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(Ic = 1 mAdc, Ib = 0) 

BF491 

BF492 

BF493 

V(BR)CEO 

200 

250 

300 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

(Ic = 100 [lAdc, lE = 0) 

BF491 


200 

— 



BF492 


250 

— 



BF493 


300 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 



Vdc 

(lE = 100 [iAdc, Ic = 0) 

BF491 


6.0 

— 



BF492 


6.0 

— 



BF493 


6.0 

— 


Collector Cutoff Current 


ICBO 



[iAdc 

(VcB = 160 Vdc, lE = 0) 

BF491 


— 

0.1 


(VcB = 200 Vdc, lE = 0) 

BF492 


— 

0.1 


(VcB = 200 Vdc, lE = 0) 

BF493 


— 

0.1 


Emitter Cutoff Current 


•ebo 



laAdc 

(VcB = 4.0 Vdc, Ic = 0) 

BF491 


— 

0.1 


(VcB = 6.0 Vdc, Ic = 0) 

BF492 


— 

0.1 


(VcB = 6.0 Vdc, Ic = 0) 

BF493 


— 

0.1 



ON CHARACTERISTICS 


DC Current Gain 

(Ic = 1 0 mAdc, VcE = 1 0 Vdc) All Types 

(Ic = 10 mAdc, VcE = 10 Vdc) All Types 

hFE 

25 

40 

- 


Collector-Emitter Saturation Voltage 
(Ic = 20 mAdc, Ib = 2.0 mAdc) 

VCE(sat) 


2.0 

Vdc 

Base-Emitter Saturation Voltage 
(Ic = 20 mA, Ib = 2.0 mA) 

VBE(sat) 


2.0 

Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain - Bandwidth Product 
(Ic = 1 0 mAdc, VcE = 20 Vdc, f = 20 MHz) 

fT 

50 

— 

MHz 

Common Emitter Feedback Capacitance 
(VcB = 1 00 Vdc, lE = 0, f - 1 .0 MHz) 

Ore 


1.6 

PF 


(1) Pulse Test: Pulse Width ^ 300 [as, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

350 

Vdc 

Collector-Base Voltage 

VCBO 

350 

Vdc 

Emitter-Base Voltage 

vebo 

6.0 

Vdc 

Collector Current - Continuous 

ic 

500 

mAdc 

Total Device Dissipation @Ta = 25°C 

pd 

625 

Watt 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @Tc = 25°C 

pd 

1.5 

Watt 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 

Tj, Tstg 

-55 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rf^jc 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

200 

°c/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic 



Symbol | Min [ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

350 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 100 AAdc, Ie = 0) 

V(BR)CBO 

350 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 100 AAdc, Ic = 0) 

V(BR)EBO 

6.0 

— 

Vdc 

Collector Cutoff Current 
(VcE = 250 Vdc) 

Ices 


10 

nAdc 

Emitter Cutoff Current 
(Vbe = 6.0 Vdc, Ic = 0) 

Iebo 


0.1 

ju-Adc 

Collector Cutoff Current 
(VcB = 250 Vdc, Ie = 0, Ta = 25X) 

(VcB = 250 Vdc, Ie = 0, Ta = 100°C) 

ICBO 


0.005 

1.0 

IxAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 1.0 mAdc, VcE = 10 Vdc) 
dC = 10 mAdc, VcE = 10 Vdc) 

hpE 

25 

40 

- 

— 

Collector-Emitter Saturation Voltage 
dC = 20 mAdc, 1 b = 2.0 mAdc) 

VCE(sat) 

— 

2.0 

Vdc 

Base-Emitter On Voltage 
(Ic = 20 mA, Ib = 2.0 mA) 

VBE(sat) 

— 

2.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VcE = 20 Vdc, f = 20 MHz) 

fT 

50 

— 

MHz 

Common-Emitter Feedback Capacitance 

(VcB = 100 Vdc, Ie = 0, f = 1.0 MHz) i 

Cre 

1 

— 

1.6 

PF 


(1) Pulse Test; Pulse Width ^ 300 fxs, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

BF 

844 

BF 

845 

Unit 

Collector-Emitter Voltage 

VCEO 

400 

350 

Vdc 

Collector-Base Voltage 

VCBO 

450 

400 

Vdc 

Emitter-Base Voltage 

vebo 

6.0 

Vdc 

Collector Current - Continuous 

ic 

300 

mAdc 

Total Device Dissipation @Ta = 25°C 

pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @Tc = 25°C 

pd 

1.5 

Watt 

Derate above 25°C 


12 

mW/<^C 

Operating and Storage Junction 
Temperature Range 

Tj.Tstg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

200 

°c/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Synnbol [ Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

(Ic = 1 0 mAdc, Ib = 0) 

BF844 

BF845 

V(BR)CE0 

400 

350 

— 

Vdc 

Collector-Emitter Breakdown Voltage 


V(BR)CES 



Vdc 

(Ic = 100 liAdc, Vbe = 0) 

BF844 


450 

— 



BF845 


400 

— 


Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

(Ic = 100 laAdc, lE = 0) 

BF844 


450 

— 



BF845 


400 

— 


Emitter-Base Breakdown Voltage 

Both Types 

V(BR)EBO 

6.0 

— 

Vdc 

(lE = 10 laAdc, Ic = 0) 






Collector Cutoff Current 


ICBO 



[lAdc 

(VcB = 400 Vdc, lE = 0) 

BF844 


— 

0.1 


(VCB = 320 Vdc, lE = 0) 

BF845 


— 

0.1 


Collector Cutoff Current 


Ices 



nAdc 

(VCE = 400 Vdc, Vbe = 0) 

BF844 


— 

500 


(VcE = 320 Vdc, Vbe = 0) 

BF845 


— 

500 


Emitter Cutoff Current 

Both Types 

iebo 

— 

0.1 

[i,Adc 

(Vbe = 4.0 Vdc, Ic = 0) 







ON CHARACTERISTICS 


DC Current Gain (1) 

(Ic = 1 .0 mAdc, VcE = 1 0 Vdc) 

(Ic == 10 mAdc, VcE = 1 0 Vdc) 

(Ic = 50 mAdc, VcE = 10 Vdc) 

(Ic = 1 00 mAdc, VcE = 1 0 Vdc) 

Both Types 

Both Types 

Both Types 

Both Types 

hFE 

40 

50 

45 

20 

200 


Collector-Emitter Saturation Voltage (1) 


VCE(sat) 



Vdc 

(Ic = 10 mAdc, Ib = 0.1 mAdc) 

Both Types 


— 

0.4 


(Ic = 10 mAdc, Ib = 1.0 mAdc) 

Both Types 


— 

0.5 


(Ic = 50 mAdc, Ib = 5.0 mAdc) 

Both Types 


— 

0.75 


Base-Emitter Saturation Voltage 


VBE(sat) 

~ 

0.75 

Vdc 

(Ic = 10 mAdc, Ib = 1 .0 mAdc) 


1 


1 



(1) Pulse Test: Pulse Width ^ 300 ^S — Duty Cycle ^ 2.0%. 
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BF844, BF845 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless atherwise noted.) 

( Characteristic | Symbol | Min | Max | Unit 

DYNAMIC CHARACTERISTICS 


High Frequency Current Gain 
(IC = 10 mAdc, VcE = 1 0 Vdc, f = 1 0 MHz) 

Both Types 


2.0 

— 


Collector-Base Capacitance 
(VcB = 20 Vdc. lE = 0, f = 1.0 MHz) 

Both Types 

o 

o 

— 

6.0 

PF 

Emitter-Base Capacitance 
(Veb = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

Both Types 

Oib 

— 

1 10 

PF 

Turn-On Time 

(Vcc = 1 50 Vdc, VBE(off) = 4.0 V, 

Ic = 30 mAdc, Ibi = 3.0 mAdc) 

Both Types 

Ion 


0.6 


Turn-Off Time 

(Vcc = 1 50 Vdc, Ic = 30 mAdc, Ibi = lB2 = 

Both Types 

3.0 mAdc) 

toff 

— 

10 



FIGURE 1 — DC CURRENT GAIN 




Oq I Mill Mill Mill MIN MIN I lilt II III 

10 30 100 300 Ik 3k 10k 50k 

Ib, base current (mA) 
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BF959 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

20 

Vdc 

Collector-Base Voltage 

VCBO 

30 

Vdc 

Emitter-Base Voltage 

vebo 

3.0 

Vdc 

Collector Current - Continuous 

ic 

100 

mAdc 

Total Device Dissipation @Ta = 25°C 

pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @Tc = 25°C 

pd 

1.5 

Watt 

Derate above 25 °C 


12 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^^JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

200 

°c/w 


CASE 29-04, STYLE 21 
TO-92 (TO-226AA) 



VHP TRANSISTOR 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25 °C unless otherwise noted) 

Characteristic } Symbol | Min. | Typ. | Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 1 0 mAdc, Ib = 0) 

V(BR)CEO 

20 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 10 pAdc, lE = 0) 

V(BR)CB0 

30 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(lE = 10 ^Adc, Ic = 0) 

V(BR)EB0 

3.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 20 Vdc, lE = 0) 

•CBO 

__ 

— 

100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 5 mAdc, VcE = 10 Vdc) 

(Ic = 20 mAdc, VcE = 1 0 Vdc) 

hpE 

35 

40 

- 

— 


Collector-Emitter Saturation Voltage 
(Ic = 30 mAdc, Ib = 2.0 mAdc) 

VCE(sat) 

— 

— 

1.0 

Vdc 

Base-Emitter Saturation Voltage 
(Ic = 30 mAdc, Ib = 2.0 mAdc) 

VBE(sat) 

— 

— 

1 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain - Bandwidth Product 
(IC = 20 mAdc, VcE = 1 0 Vdc, f = 1 00 MHz) 
dC = 30 mAdc, VcE = 10 Vdc, f = 100 MHz) 

ft 

700 

600 

- 

— 

MHz 

Common Emitter Feedback Capacitance 
(VcB = 1 0 Vdc, Pf = 0, f = 10 MHz) 

Ore 

— 

0.65’ 

— 

pF 

Noise Figure 

(Ic = 4 mA, VcE = 1 0 V, Rs = 50 Q, f = 200 MHz) 

Nf 

— 

3 

— 

dB 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

Vdc 

Collector-Base Voltage 

VCBO 

20 

Vdc 

Emitter-Base Voltage 

Vebo 

2.0 

Vdc 

Collector Current — Continuous 

ic 

25 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25X 

Derate. above 25°C 

1.8 

mW/°C 


Thermal Resistance Junction to Ambient 

R0JA 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 

2.4 

mW/X 


Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj/ Tstq 

- 55 to +150 

X 


*FR-5 = 1.0x0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


BFR92L = PI 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage{1) 
dC = 10 mA) 

V(BR)CEO 

15 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 100 M) 

V(BR)CBO 

20 

— 

Vdc 

Emitter-Base Breakdown Voltage 
dC=100/iA) 

V(BR)EBO 

2.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 10 V) 

•CBO 

— 

50 

nA 

ON CHARACTERISTICS 

DC Current Gain 
dc = 14 mA, VcE = 10 V)(1) 

hFE 

25 


— 

Collector-Emitter Saturation Voltage(l) 
dc = 25 mA, Ib = 5.0 mA) 

VCElsat) 


0.5 

Vdc 

Base-Emitter Saturation Voltage(l) 
dc = 25 mA, Ib = 5.0 mA) 

VBE(sat) 

— 

1.2 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 14 mA, VcE = 10 V, f = 500 MHz) 

fT 

5 GHz 
(Typ) 

— 

MHz 

Noise Figure 

(VcE = 1.5 V, Ic = 3.0 mA, Rg = 50 D, f = 500 MHz) 

NF 

— 

3.0 

(Typ) 

dB 

Capacitance-Collector to Base 
(VcB = 10 Vdc, f = 1.0 MHz) 

Ccb 

i 

0.7 

(Typ) 

PF 


(1) Pulse Width 300 /is, Duty Cycle 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

12 

Vdc 

Collector-Base Voltage 

VCBO 

15 

Vdc 

Emitter-Base Voltage 

Vebo 

2.0 

Vdc 

Collector Current — Continuous 

ic 

25 

mAdc 


THERMAL CHARACTERISTIC 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Beard,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/X 

Thermal Resistance Junction toAmbient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 2}°C 

Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction toAmbient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj, Tgtg 

— 55 to +150 

X 


*FR-5 = 1.0x0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in, 99.5% alumina. 

DEVICE MARKING 


BFR93L = R1 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol ~| Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mA) 

V(BR)CEO 

12 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 10 fiA) 

V(BR)CBO 

15 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 100 aA) 

V(BR)EBO 

2.0 


Vdc 

Collector Cutoff Current 
(VcE = 10 V) 

'CEO 

— 

50 

nA 

Collector Cutoff Current 
(VcB = 10 V) 

'CBO 

— 

50 

nA 

Emitter Cutoff Current 
(Veb = 1.0 V) 

•ebo 

— 

10 

nA 


ON CHARACTERISTICS 


DC Current Gain 
dC = 1.0 mA, VcE “ 5.0 V) 
dC = 30 mA, VcE 5.0 V) 

hFE 

25 

25 

- 

— 

Collector-Emitter Saturation Voltage 
dC = 35 mA, Ib = 7.0 mA) 

VCE(sat) 

— 

0.5 

Vdc 

Base-Emitter Saturation Voltage 
dC = 35 mA, Ib = 7.0 mA) 

VBE(sat) 

— 

1.2 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 30 mA, VcE = 5.0 V, f = 500 MHz) 

^T 

4.5 

— 

GHz 

Noise Figure 

(VcE = 5.0 V, Ic = 2.0 mA, Rs = 50 fl, f = 30 MHz) 

NF 

— 

3.0 

dB 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


2-183 







MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

Vdc 

Collector-Base Voltage 

VCBO 

25 

Vdc 


THERMAL CHARACTERISTICS 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


DEVICE MARKING 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

417 

°C/W 

Junction and Storage Temperature 

Tj» Tstq 

- 55 to -1-150 

°C 


BFS17L 

CASE 318-03. STYLE 6 
S0T-23 (TO-236AB) 



RF TRANSISTOR 

NPN SILICON 


BFS17L = El 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(IC = 10 mA) 

V(BR)CEO 

15 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 100 fiA) 

V(BR)CBO 

25 

— 

Vdc 

Collector Cutoff Current 
(VcE = 10 V) 

'CEO 

— 

25 

nA 

Collector Cutoff Current 
(VcB = 10 V) 

•CBO 

— 

25 

nA 

Emitter Cutoff Current 
(Veb = 4.0 V) 

Iebo 

' — 

100 

fiA 


ON CHARACTERISTICS 


DC Current Gain 
dC = 2.0 mA, VcE = 10 V) 
dC = 25 mA, VcE = 10 V) 

hFE 

20 

20 

150 

— 

Collector-Emitter Saturation Voltage 
dC = 10 mA, Ib = 1.0 mA) 

VcE(sat) 

__ 

0.4 

V 

Base-Emitter Saturation Voltage 

dC = 10 mA, Ib = 1.0 mA) , 

VBE(sat) 

— 

1.0 

V 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 2.0 mA, VcE = 5.0 V, f = 500 MHz) 
dC = 25 mA, VcE = 5.0 V, f = 500 MHz) 

fT 

1.0 

1.3* 

- 

GHz 

Output Capacitance 
(VcB = 10 V,f = 1.0 MHz) 

CCB 

; — 

1.0* 

PF 

Noise Figure 

dC = 2.0 mA, VcE = 5.0 V, Rs = 50 a, f = 30 MHz) 

NF 

— 

5.0* 

dB 


*Typ 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

100 

Vdc 

Collector-Emitter Voltage 

Rbe = 10 kft 

VCER 

110 

Vdc 

Collector Current — Continuous 

ic 

100 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 


- 55 to +150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


BSS63L = T1 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min | Typ [ Max 1 Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 100 AAdc) 

V(BR)CEO 

100 

~ 

— 

Vdc 

Collector-Emitter Breakdown Voltage 
dc = 10 /iAdc, Ie = 0, Rbe = 10 ka) 

V{BR)CER 

110 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
(Ic = 10 ^Adc, Ie = 0) 

V(BR)CBO 

110 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 /nAdc) 

V(BR)EBO 

6.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 90 Vdc, Ie = 0) 

ICBO 


— 

100 

nAdc 

Collector Cutoff Current 
(VcE = 110 Vdc, Rbe = 10 ka) 

•CER 

— 

~ 

10 

fjbMc 

Emitter Cutoff Current 
(Veb = 6.0 Vdc, Ic = 0) 

>EBO 

— 

— 

200 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 10 mAdc, VcE = 1-0 Vdc) 
dc = 25 mAdc, VcE = 1-0 Vdc) 

hFE 

30 

30 

- 

- 

— 

Collector-Emitter Saturation Voltage 
(Ic = 25 mAdc, Ib = 2.5 mAdc) 

VcE(sat) 

— 

— 

250 

mVdc 

Base-Emitter Saturation Voltage 

dc = 25 mAdc, Ib = 2.5 mAdc) | 

VBE(sat) 

— 

— 

900 

mVdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 25 mAdc, VcE = 5.0 Vdc, f = 35 MHz) 

fT 

50 

95 

— 

MHz 

Case Capacitance 
dE = Ic = 0' VcB = 10 Vdc) 

Cc 


— 

5.0 

PF 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

80 

Vdc 

Collector-Base Voltage 

VCBO 

120 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

100 

mA 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 




Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 




Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R0JA 

417 

X/W 

Junction and Storage Temperature 

Tjf Tstq 

-55 to +150 

X 


*FR-5 = 1.0x0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


BSS64L = AM 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min \ Max [ Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc = 4.0 mA) 

V(BR)CEO 

80 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

120 

— 

Vdc 

dc = 100 aA) 





Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

Vdc 

de = 100 aA) 





Collector Cutoff Current 

'CBO 



fj,A 

(VcE = 90 V) 


— 

0.1 


(Ta = 150X) 


— 

500 


Emitter Cutoff Current 

•ebo 

— 

200 

nA 

(Vbe = 4.0 V) 






ON CHARACTERISTICS 


DC Current Gain 
(VcE = 10 V, Ic = 10 mA) 

hFE 

20 

— 

— 

Collector-Emitter Saturation Voltage 

VCE(sat) 



Vdc 

dc = 4.0 mA, Ib = 400 ^lA) 


— 

0.15 


dc = 50 mA, Ib = 15 mA) 


— 

0.2 


Forward Base-Emitter Voltage 

VBE(sat) 

~ 1 

— 

— 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 4.0 mA, VcE = 10 V, f = 35 MHz) 

It 

60 

— 

MHz 

Output Capacitance 
(VcE = 10 V,f = 1.0 MHz) 

Cob 

— 

5.0 

PF 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

75 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

Vdc 

Collector Current — Continuous 

ic 

800 

mAdc 


THERMAL CHARACTERISTICS 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 




Derate above 25°C 


1.8 

mW/X 

Thermal Resistance Junction to Ambient 

R0JA 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25^ 




Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

7j. Tstg 

- 55 to -1-150 

X 


BSS79BL = CE; BSS79CL = CF 



ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Max | UniT 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc = 10 mAdc) 

V(BR)CEO 

40 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

75 


Vdc 

dc = 10 AAdc) 





Emitter-Base Breakdown Voltage 

V(BR)EBO 

6.0 

_ 

Vdc 

(Ie = 10 AAdc) 





Collector Cutoff Current 

>CBO 




(VcB = 60 Vdc) 



10 

nAdc 

(VcB = 60 Vdc, Ta = 150X) 


— 

10 

fiAdc 

Emitter Cutoff Current 

Iebo 

— 

10 

nAdc 

(Vbe = 3.0 Vdc) 






ON CHARACTERISTICS 


DC Current Gain 

dc = 150 mAdc, VcE = 10 Vdc) 

BSS79BL 

BSS79CL 

hFE 

40 

100 

120 

300 

— 

Collector-Emitter Saturation Voltage 


VCE(sat) 



Vdc 

dc = 150 mAdc, Ib = 15 mAdc) 



— 

0.3 


dc = 500 mAdc, Ig = 50 mAdc) 



— 

1.0 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(VcE = 20 Vdc, Ic = 20 mAdc, f = 100 MHz) 

fr 

250 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, f = 1.0 MHz) 

Cobo 

— 

8.0 

PF 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 30 Vdc, Ic = 150 mAdc) 
dSI = IB2 = 16 mAdc) 

td 

— 

10 

ns 

Rise Time 

(Vcc = 30 Vdc, Ic = 150 mAdc) 

Obi = IB2 = 16 mAdc) 

tr 


10 

ns 

Storage Time 

(Vcc = 30 Vdc, Ic = 1 50 mAdc) 

Obi = IB2 = 16 mAdc) 

^s 


225 

ns 

Fall Time 

(Vcc = 30 Vdc, Ic = 150 mAdc) 

(•b 1 = IB2 = 16 mAdc) j 

tf 

1 


60 

i 

ns 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

800 

mA 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 

1.8 

mW/°C 


Thermal Resistance Junction to Ambient 

R^ja 

556 

"C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 

2.4 

mW/°C 


Thermal Resistance Junction to Ambient 

R^ja 

417 

°C/W 

Junction and Storage Temperature 

Tj» Tstq 

— 55 to 1 50 

°C 


*FR-5 = 1.0x0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


BSS80BL = CH; BSS80CL = CJ 


BSS80BL, CL 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 


3 Collector 



2 Emitter 


GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symb^ I Min 1 Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mA) 

V(BR)CEO 

40 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

60 

— 

Vdc 

OC = 10 fiA) 





Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 10 /xA) 





Collector Cutoff Current 

ICBO 




(VcB = 50 Vdc) 


— 

10 

nA 

(VcB = 50 Vdc, Ta = 150°C) 


— 

10 

/xA 

Emitter Cutoff Current 

Iebo 

— 

10 

nA 

(Vbe = 3.0 Vdc) 






ON CHARACTERISTICS 


DC Current Gain 
dC = 150 mA, VcE = 10 Vdc) 

BSS80BL 

BSS80CL 

hFE 

40 

100 

120 

300 

— 

Collector-Emitter Saturation Voltage 


VCElsat) 



Vdc 

dC = 150 mA, Ib = 15 mA) 



— 

0.4 


dC = 500 mA, Ib = 50 mA) 



— 

1.6 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mA, VcE = 20 Vdc, f = 100 MHz) 

fT 

200 

- 

MHz 

Output Capacitance 
(VcB = 10 Vdc, f = 1.0 MHz) 

Cobo 

— 

8.0 

pF 


SWITCHING CHARACTERISTICS 


Delay Time 

(•b 1 182 “ 15 mA, 

td 

— 

10 

— 

ns 

Rise Time 

Vcc = 30 V, Ic = 150 mA) 

tr 

— 

40 

ns 

Storage Time 

(>B1 “ >B2 “= 15 mA, 

Is 

— 

80 

ns 

Fall Time 

Vcc = 30 V, Ic = 150 mA) 

tf 

— 

30 

ns 


(1) Pulse Test: Pulse Width ^ 300 fxs, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 



Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board/ 

pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/X 

Thermal Resistance Junction to Ambient 

R<?ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate, ♦♦ Ta = 25^ 

Derate above 25X 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

XW 

Junction and Storage Temperature 


-55 to +150 

X 


*FR-5 = 1.0x0.75 x 0.062 in. 

♦♦Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


DEVICE MARKING 

BSS82BL = CH; BSS82CL = CM 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

| Symbol [ Min | Max T Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mA) 

V(BR)CEO 

60 



Vdc 

Collector-Base Breakdown Voltage 

V{BR)CBO 

60 


Vdc 

dc = 10 aA) 





Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 10 fxA) 





Collector Cutoff Current 

•CBO 




(VcB = 50 V) 


— 

10 

nA 

(VcB = 50 V, Ta = 150X) 


— 

10 

M 

Emitter Cutoff Current 

Iebo 

— 

10 

nA 

(Veb = 3.0 V) 






ON CHARACTERISTICS 


DC Current Gain 
dc = 150 mA, VcE = 10 V) 

BSS82BL 

BSS82CL 

hFE 

40 

100 

120 

300 

— 

Collector-Emitter Saturation Voltage 


VCE(sat) 



Vdc 

dc = 150 mA, Ib = 15 mA) 



— 

0.4 


dc = 500 mA, Ib = 50 mA) 



— 

1.6 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product ! 

^T 

100 



MHz 

dc = 50 mA, VcE = 20 V, f = 200 MHz) 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

12 

Vdc 

Collector-Base Voltage 

VCBO 

20 

Vdc 

Collector Current — Continuous 

*C 

100 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25°C 

Derate above 25X 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°b 

Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

T’j' Tstq 

-55 to -1-150 

X 


*FR-5 = 1.0x0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


DEVICE MARKING 

[ BSV52L = B2 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min I Max 1 Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc) 

V(BR)CEO 

12 

— 

Vdc 

Collector Cutoff Current 

•CBO 



nAdc 

(VcB = 10 Vdc, Ie = 0) 


— 

100 

ixAdc 

(VcB = 10 Vdc, Ie = 0, Ta = 125X) 


— 

5.0 



ON CHARACTERISTICS 


DC Current Gain 

dC = 1.0 mAdc, VcE = 10 Vdc) 
dC = 10 mAdc, VcE = 10 Vdc) 
dC = 50 mAdc, Vqe = 1 0 Vdc) 

hFE 

25 

40 

25 

120 


Collector-Emitter Saturation Voltage 

VCE(sat) 



mVdc 

dC = 10 mAdc, Ib = 300 fiAdc) 


— 

300 


dC = 10 mAdc, Ib = 1-0 mAdc) 


— 

250 


(Ic = 50 mAdc, Ib = 5.0 mAdc) 


— 

400 


Base-Emitter Saturation Voltage 

VBE(sat) 



mVdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 


700 

850 


dC = 50 mAdc, Ib = 5.0 mAdc) 


— 

1200 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 10 mAdc, VcE = 10 Vdc) 

fr 

400 

- 

MHz 

Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 

^obo 

— 

4.0 

PF 

Input Capacitance 
(Veb = 1.0 Vdc, Ic = 0) 

Cibo 

— 

4.5 

PF 


SWITCHING CHARACTERISTICS 


Storage Time 

dc = ^Bl = •B2 = 10 mAdc) 

Is 

— 

13 

ns 

Turn-On Time 

(Vbe = 1.5 Vdc, Ic = 10 mAdc, Ib = 3.0 mAdc) 

Ion 

— 

12 

ns 

Turn-Off Time 

dc = 10 mAdc, Ib = 3.0 mAdc) 

toff 


18 

ns 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

Vdc 

Collector-Base Voltage 

VCBO 

50 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

•c 

50 

mAdc 


THERMAL CHARACTERISTICS 


*FR-5 = 1.0x0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBA811C5L = C5; MMBA8nC6L = C6; MMBA811C7L = C7; 
MMBA811C8L = C8 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 




Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R0JA 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 




Derate above 25®C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

I^J' Tstg 

-55 to -1-150 

°c 


MIVIBA811C5L 

thru 

IVIMBA811C8L 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 



AMPLIFIER TRANSISTORS 

PNP SILICON 

Refer to 2N5086 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


Symbol 

Min 

Max 

Unit 1 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dc = 1 .0 mAdc) 

V(BR)CEO 

45 

— 

Vdc 

Collector-Base Breakdown Voltage 
dc = 100 AtAdc) 

V(BR)CBO 

50 

— 

Vdc 

Emitter-Base Breakdown Voltage 
dc = 10 /uAdc) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 40 Vdc) 

ICBO 

— 

50 

nAdc 

Emitter Cutoff Current 

(Veb = 5.0 Vdc) i 

•ebo 



— 

50 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
dc = 0.1 mAdc, VcE = 3.0 Vdc) 
dc = 0.5 mAdc, VcE = 3.0 Vdc) 

(For Reference Only) 

dc = 0.5 mAdc, VcE = 3.0 Vdc) 

MMBA811C5L 

MMBA811C6L 

MMBA811C7L 

MMBA811C8L 

hFE 

150 

135 

135 

200 

300 

450 

900 

270 

400 

600 

900 


Collector-Emitter Saturation Voltage 
dc = 20 mAdc, Ib = 2.0 mAdc) 

VcE(sat) 


0.3 

Vdc 

Base-Emitter On Voltage 
dc = 0.5 mAdc, VcE = 3.0 Vdc) 

VBE(on) 

0.55 

0.7 

Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 


75 



MHz 

dc = 1.0 mAdc, VcE = 6.0 Vdc, f = 100 MHz) j 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

50 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

'c 

100 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board/ 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 

1.8 

mW/C 


Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate/* Ta = 25°C 

Derate above 25°C 

2.4 

mW/X 


Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj' ^stg 

-55 to +150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBA812M5L = M5; MMBA812M6L = M6; MMBA812M7L = M7 


MIVIBA812M5L 

thru 

IVIMBA812M7L 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 

3 Collector 



2 Emitter 


GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 


Refer to 2N5086 for graphs. 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic ^ | Symbol | Min [ Max | Unit 


OFF CHARACTERISTICS 


Collector Cutoff Current 
(VcB = 40 Vdc, Ig = 0) 

•CBO 

— 

0.1 

/jiAdc 

Emitter Cutoff Current 
(Veb = 5.0 Vdc, Ic = 0) 

'ebo 

— 

0.1 

)uAdc 


ON CHARACTERISTICS 


DC Current Gain 
(Vce = 6.0 Vdc, Ic = 1.0 mAdc) 

MMBA812M5L 

MMBA812M6L 

MMBA812M7L 

hFE 

135 

200 

300 

270 

400 

600 


Collector-Emitter Saturation Voltage 
dC = 30 mAdc, Ib = 3.0 mAdc) 


VCE(sat) 

— 

0.5 

Vdc 

Base-Emitter On Voltage 
(Vce = 6.0 Vdc, Ic = 1.0 mAdc) 


VBE{on) 

— 

0.8 

Vdc 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

25 

Vdc 

Collector-Base Voltage 

VCBO 

50 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

•c 

50 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25X 




Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 




Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R0Ja 

417 

X/W 

Junction and Storage Temperature 

Tj/ Tgtg 

- 55 to +150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBC1009F1L - FI; MMBC1009F3L = F3 


IVIIVIBC1009F1L 

MIVIBC1009F3L 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 

3 Collector 



2 Emitter 


AM/FM RF AMPLIFIER 
TRANSISTORS 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector Cutoff Current 
(VcB = 15 Vdc, Ie = 0) 

•CBO 

— 

— 

0.1 

jaAdc 


ON CHARACTERISTICS 


DC Current Gain 

dC = 0.5 mAdc, Vqe = 3.0 Vdc) MMBC1009F1L 

IVIMBC1009F3L 

hFE 

30 

60 

- 

60 

120 


Collector-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 1.0 mAdc) 

VcE{sat) 

— 



0.3 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain Bandwidth Product 
dc = 1.0 mAdc, VcE = 6.0 Vdc, f = 100 MHz) 


150 

— 

— 

MHz 

Output Capacitance 
(VcB = 6.0 V, Ie = 0, f = 1.0 MHz) 

Cobo 

— 

2.0 

— 

PF 

Noise Figure 

dc = 0.5 mAdc, VcE = 6.0 Vdc, f = 1.0 MHz, Rq = 500 il) 

NF 

— 

2.5 

— 

dB 
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MAXIMUM RATINGS 


Rating 

1 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

35 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

'c 

100 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25°C 

Derate above 25“C 


1.8 

mWrC 

Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25X 

Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R(9JA 

417 

“C/W 

Junction and Storage Temperature 


-55 to +150 

°C 


*FR-5 = 1.0x 0.75 x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBC1622D6L = D6; MMBC1622D7L = D7 


MIVIBC1622D6L 

MIVIBC1622D7L 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 

3 Collector 



2 Emitter 


AMPLIFIER TRANSISTORS 

NPN SILICON 


Refer to IVIPS3904 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max [ Unit | 


OFF CHARACTERISTICS 


Collector Cutoff Current 
(VcB = 25 Vdc, Ig = 0) 

ICBO 

— 

50 

nAdc 

Emitter Cutoff Current 
(Veb = 5.0 Vdc, Ic = 0) 

>EBO 

— 

50 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 

(VcE = 3.0 Vdc, Ic = 0.1 mAdc) All 

(VcE = 3.0 Vdc, Ic = 0.5 mAdc) MMBC1622D6L 

MMBC1622D7L 

^FE 

150 

200 

300 

400 

600 


Collector-Emitter Saturation Voltage 
dc = 100 mAdc, Ib = 10 mAdc) 

VCE(sat) 

— 

0.3 

Vdc 

Base-Emitter On Voltage 
(VcE = 3.0 Vdc, Ic = 0.5 mAdc) 

VBE(on) 

0.55 

0.7 

Vdc 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product 
(VcE = 6.0 Vdc, lE == 1.0 mAdc, f = 100 Mhz) 

fr 

100 

— 

— 

MHz 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

50 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

100 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/X 

Thermal Resistance Junction to Ambient 

R0JA 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R0JA 

417 

X/W 

Junction and Storage Temperature 

Tj' I^StQ 

-55 to +150 

X 


*FR-5 = 1.0x0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBC1623L5L = L5; MMBC1623L6L = L6; MMBC1623L7L = L7 


MMBC1623L5L 

thru 

IVIMBC1623L7L 


CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 



AMPLIFIER TRANSISTORS 

NPN SILICON 


Refer to MPS3904 for graphs. 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit [ 


OFF CHARACTERISTICS 


Collector Cutoff Current 

ICBO 

— 

100 

nAdc 

(VcB = 40 Vdc, Ie = 0) 




Emitter Cutoff Current 
(Veb = 5.0 Vdc, Ic = 0) 

iebo 

— 

100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 1.0 mAdc, VcE = 6.0 Vdc) 

MMBC1623L5L 

MMBC1623L6L 

MMBC1623L7L 

hFE 

135 

200 

300 

270 

400 

600 


Collector-Emitter Saturation Voltage 
dC = 100 mAdc, Ib = 10 mAdc) 


VcE(sat) 

— 

0.3 

Vdc 

Base-Emitter Saturation Voltage 
(Ic = 100 mA, Ib = 10 mAdc) 


VBE(sat) 

— 

1.0 

Vdc 

Base-Emitter On Voltage 
dC = 1.0 mAdc, VcE = 6.0 Vdc) 


VBE(on) 

0.6 

0.7 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

^T 

200 

— 

MHz 

(VcE = 60 Vdc, Ie = 10 mAdc, f = 100 MHz) 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

130 

Vdc 

Collector-Base Voltage 

VCBO 

150 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

50 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/X 

Thermal Resistance Junction to Ambient 

R^ija 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj/ Tstg 

— 55 to -f- 1 50 

X 


*FR-5 = 1.0x 0.75x 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBC1653N2L = N2; MMBC1653N3L = N3; MMBC1653N4L = N4 


MMBC1653N2L 

thru 

IVIMBC1653N4L 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 



HIGH VOLTAGE 
TRANSISTORS 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) ^ 

Characteristic | Symbol | Min | Typ | Max [ Unit 


OFF CHARACTERISTICS 


Collector Cutoff Current 
(VcB = “1 00 Vdc, Ie = 0) 

•CBO 

— 

— 

0.1 

/xAdc 

Emitter Cutoff Current j 

(Veb = 5-0 Vdc, Ic = 0) 

Iebo 

— 

— 

0.1 

juAdc 


ON CHARACTERISTICS 


DC Current Gain 
(VcE = 3.0 Vdc, Ic = 15 mAdc) 

MMBC1653N2L 

MMBC1653N3L 

MMBC1653N4L 

hFE 

50 

100 

150 


130 

220 

330 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ig = 1.0 mAdc) 


VcE(sat) 

— 

— 

0.5 

Vdc 

Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 


VBE(sat) 

1 

— 

— 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(VcE = 10 Vdc, Ip = 10 mAdc, f = 100 MHz) 


— 

150 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Cobo 


4.5 

— 

PF 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

160 

Vdc 

Collector-Base Voltage 

VCBO 

180 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

50 

mAdc 


THERMAL CHARACTERISTICJ 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Boird,* 

Pd 

225 

mW 

Ta = 25X 




Derate above 25°C s 


1.8 

mW/°C 

Thermal Resistance Junction to imbient 

R0JA 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25C 




Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperatire 

7j/ Tstg 

- 55 to -1-150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. )9.5% alumina. 

DEVICE MARKING 


MMBC1654N5L = N5; MMBC1651N6L - N6; MMBC1654N7L = N7 


IVIMBC1654N5L 

thru 

MIVIBC1654N7L 

CASE 318-03, STYLE 6 
SOT-23 {TO-236AB) 



HIGH VOLTAGE 
TRANSISTORS 

NPN SILICON 


ELECTRICAL CHARACTERIS1ICS (Ta 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Typ | Max | Unit [ 


OFF CHARACTERISTICS 


Collector Cutoff Current 
(VcB = 100 V, Ie = 0) 

'CBO 


— 

0.1 

fxAdc 

Emitter Cutoff Current 
(Veb = 5.0 Vdc, Ic = 0) 

•ebo 

— 

— 

0.1 

IxAdc 


ON CHARACTERISTICS 


DC Current Gain 
(VcE = 3.0 V, Ic = 15 mAdc) 

MMBC1654N5L 

MMBC1654N6L 

MMBC1654N7L 

hFE 

50 

100 

150 

- 

— 

130 

220 

330 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ib = 1.0 mAdc! 


VcE(sat) 

— 

— 

0.5 

Vdc 

Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc,' 


VBE(sat) 

— 

— 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTCS 


Current-Gain — Bandwidth Product ' 

(VcE = 10 Vdc, Ip = 10 mAdc,f = 100 MHz) | 


— 

150 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0MHz) 

^obo 

— 

4.5 

— 

PF 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

10 

Vdc 

Collector-Base Voltage 

VCBO 

15 

Vdc 

Emitter-Base Voltage 

VebO 

4.5 

Vdc 

Collector Current — Continuous 

•c 

30 

mA 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25X 

Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25X 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R0JA 

417 

°CA/V 

Junction and Storage Temperature 


— 55 to + 150 

°C 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0,3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBR536L = 7R 


lilVIBR536L 

CAJE 318-03, STYLE 6 
S«T-23 (TO-236AB) 


3 Collector 



HGH FREQUENCY 
TRANSISTOR 

PNP SILICON 


ELECTRICAL CHARACTERISTICS (Tq = 25°C *For both package types unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage dc = 2.0 mA, Ig = 0) 

V(BR)CEO 

10 

— 

— 

Vdc 

Collector-Base Breakdown Voltage (\q = 100 fiA, Ig = 0) 

V(BR)CBO 

15 

_ 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ig = 10 /xA, Iq = 0) 

V(BR)EBO 

4.5 

— 

— 

Vdc 

Collector Cutoff Current (VcB =10 Vdc, Ig = 0) 

•CBO 

— 

— 

10 

nAdc 

ON CHARACTERISTICS 

DC Current Gain (l^ = 20 mA, Vqe = 5.0 V) 

hpE 

20 

_ 

200 


DYNAMIC CHARACTERISTICS 

Current Gain-Bandwidth Product 
dc = 20 mAdc, Vqe = 5.0 Vdc, f = 1.0 GHz) 

It 

— 

5.5 

— 

GHz 

Collector-Base Capacitance 
(VcB = 5.0 Vdc, Ip = 0, f = 1.0 MHz) 

Ccb 

— 

0.8 

1.2 

PF 


FUNCTIONAL TESTS 


Gain @ Noise Figure 
dc = 10 mAdc, VcE = 5.0 Vdc) 

f = 500 MHz 
f = 1.0 GHz 

Gnf 

- 

14 

8.0 

- 

dB 

Noise Figure 


NF 




dB 

dc = 10 mAdc, VcE = 5.0 Vdc) 

f = 500 MHz 


— 

4.5 

— 



f = 1.0 GHz 


— 

6.0 

— 
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Gnf, gain at noise figure (dB) fj, CURRENT GAIN-BANDWIDTH PRODUCT (GHz) 


MMBR536L 

















































— 

— 








— 




1 




















VCE ^ 

= 5V 









f = 1 
1 

1 GHz ■ 
1 










□ 



0 5 10 15 20 25 

lO COLLECTOR CURRENT (mA) 


Figure 1. Current Gain-Bandwidth Product 
versus Collector Current 



Figure 2. Maximum Available Gain (GAmax) 
versus Frequency 



versus Frequency 




0 4 8 12 16 20 

IC, COLLECTOR CURRENT (mA) 


Figure 4. Gain at Noise Figure versus 
Collector Current 


Figure 5. Noise Figure versus Collector Current 
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MMBR536L 



1 2 3 

Vbe, base-emitter voltage (Vdc) 

Figure 6. Input Capacitance versus 
Emitter-Base Voltage 






















bo 








- 




b 











f 

= 1 MHz 



□ 

_ 

_ 



2 4 6 8 

VcB- COLLECTOR-BASE VOLTAGE (Vdc) 

Figure 7. Output Capacitance versus 
Collector-Base Voltage 


INPUT/OUTPUT REFLECTION COEFFICIENTS 
versus 
FREQUENCY 

VcE = 10 V, Ic = 10 mA 


FORWARD AND REVERSE TRANSMISSION COEFFICIENTS 
versus 
FREQUENCY 
VcE = 10 V, Ic = 10 mA 




>'-j150 




COMMON EMITTER S-PARAMETERS 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

Vdc 

Collector-Base Voltage 

VCBO 

25 

Vdc 

Emitter-Base Voltage 

Vebo 

3.0 

Vdc 

Collector Current — Continuous 

ic 

30 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/“C 

Thermal Resistance Junction to Ambient 

RflJA 

556 

x/w 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25^ 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 


-55 to + 150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBR901L = 7A 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol | Min | Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

15 


Vdc 

Collector-Base Breakdown Voltage 
dC = 0.1 mAdc, Ie = 0) 

V(BR)CBO 

25 

— 

Vdc 

Emitter-Base Breakdown Voltage 
dE = 0.1 mAdc, Ic - 0) 

V(BR)EBO 

2.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 15 Vdc, Ie = 0) 

•CBO 

— 

50 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
dC = 5.0 mAdc, VcE = 5.0 Vdc) 

hFE 

30 

200 

— 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Cobo 

— 

1.0 

pF 

Common-Emitter Amplifier Power Gain 
(Vcc = 6.0 Vdc, Ic = 5.0 mAdc, f = 1.0 GHz) 

Gped) 

16 (Typ) 

— 

dB 

Noise Figure 

dC = 5.0 mAdc, VcE = 6.0 Vdc, f = 1.0 GHz) 

NF(1) 


1.9 (Typ) 

dB 


(1) Noise figure and power gain measured on the Ailtech 7380 50ft system. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

Vdc 

Collector-Base Voltage 

VCBO 

20 

Vdc 

Emitter-Base Voltage 

vebo 

3.0 

Vdc 

Collector Current — Continuous 

ic 

35 

mAdc 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board/ 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

XA/V 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate/* Ta = 25®C 

Derate above 25®C 

2.4 

mW/C 


Thermal Resistance Junction to Ambient 

R0JA 

417 

X/W 

Junction and Storage Temperature 

^J' Tstg 

-55 to +150 

X 


*FR-5 = 1.0x0.75x0.062 in. 

**Alumlna = 0.4 x 0.3 x 0.024 In. 99.5% alumina. 

DEVICE MARKING 


ELECTRICAL CHARACTERISTICS (T>\ = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, IB = 0) 

V(BR)CE0 

15 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 0.1 mAdc, Ie = 0) 

V(BR)CB0 

20 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 0.1 mAdc, Ic = 0) 

V{BR)EBO 

2.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 10 Vdc, Ie = 0) 

•CBO 

— 

— 

50 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
dC = 14 mAdc, VcE = 10 Vdc) 

hFE 

25 


250 

— 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 14 mAdc, VcE = 10 Vdc, f = 0.5 GHz) 

fr 

— 

4.5 

— 

GHz 

Collector-Base Capacitance 

Ccb 

— 

— 

1.0 

pF 

(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 






Noise Figure 

NF{1) 




dB 

dC = 2.0 mAdc, Vqe = 10 Vdc, f = 0.5 GHz) 


— 

2.4 

— 


dC = 2.0 mAdc, Vqe = 10 Vdc, f = 1.0 GHz) 


— 

3.0 

— 


Common-Emitter Amplifier Power Gain 

Gpe^l) 




dB 

dC = 2.0 mAdc, Vqe = 10 Vdc, f = 0.5 GHz) 


— - 

15 



dc = 2.0 mAdc, Vqe = 10 Vdc, f = 1.0 GHz) 


— 

10 

— 



(1) Noise figure and power gain measured on the Ailtech 7380 50 H system. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

12 

Vdc 

Collector-Base Voltage 

VCBO 

15 

Vdc 

Emitter-Base Voltage 

vebo 

3.0 

Vdc 

Collector Current — Continuous 

•c 

35 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board/ 

Pd 

225 

mW 

Ta = 25°C 




Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

— 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate/* Ta = 25°C 




Derate above 25°C 


2.4 

mW/C 

Thermal Resistance Junction to Ambient 

R^ja 

417 

°C/W 

Junction and Storage Temperature 


— 55 to -1-150 



*FR-5 = 1.0x0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBR930L = 7C 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

12 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 0.1 mAdc, Ie = 0) 

V(BR)CBO 

15 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 0.1 mAdc, Ic = 0) 

V(BR)EBO 

3.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 5.0 Vdc, Ie = 0) 

•CBO 

— 

— 

50 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 

dC = 30 mAdc, Vqe = 5.0 Vdc) 1 

hFE 

25 

— 

250 

— 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Ccb 

— 

- 

1.0 

pF 

Noise Figure 

NF(1) 




dB 

dC = 2.0 mAdc, Vqe = 5.0 Vdc, f = 0.5 GHz) 


— 

1.9 

-- 


dC = 2.0 mAdc, Vqe = 5.0 Vdc, f = 1.0 GHz) 


— 

2.5 

— 


Common-Emitter Amplifier Power Gain 

Gped) 




dB 

dC = 2.0 mAdc, Vqe = 5.0 Vdc, f = 0.5 GHz) 


— 

11 

— 


dC = 2.0 mAdc, Vqe = 5.0 Vdc, f = 0.5 GHz) 


— 

8.0 

— 



(1) Noise figure and power gain measured on the Ailtech 7380 50 ft system. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

5.0 

Vdc 

Collector-Base Voltage 

VCBO 

10 

Vdc 

Emitter-Base Voltage 

Vebo 

2.0 

Vdc 

Collector Current — Continuous 

ic 

5.0 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 

1.8 

mW/°C 


Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

XA/V 

Junction and Storage Temperature 

. JjyJstg 

-55 to +150 

X 


*FR-5 = 1.0x0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


DEVICE MARKING 

MMBR931L = 7D 



ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dC = 0.1 mAdc, Ib = 0) 

V(BR)CEO 

5.0 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 0.01 mAdc, Ie = 0) 

V(BR)CBO 

10 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 0.1 mAdc, Ic = 0) 

V{BR)EBO 

2.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 5.0 Vdc, Ie = 0) 

ICBO 


— 

50 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 

dC = 0.25 mAdc, Vqe = 10 Vdc) 

hFE 

30 

— 

150 

— 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(VcB = 1-0 Vdc, Ie = 0, f = 1.0 MHz) 

Ccb 

— 

— 

0.5 

PF 

Noise Figure 

(Ie = 0.25 mAdc, Vqe = 1-0 Vdc, f = 1.0 GHz) 

NF(1) 

— 

4.3 

— 

dB 

Gate Power Dissipation 

(Ie = 0.25 mAdc, Vqe = 1.0 Vdc, f = 1.0 GHz) 

PG(1) 

— 

10 

— 

— 


(1) Noise figure and power gain measured on the Ailtech 7380 50 H system. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 







MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Collector-Base Voltage 

VCBO 

14 

Vdc 

Emitter-Base Voltage 

vebo 

4.0 

Vdc 

Collector Current — Continuous 

'C 

50 

mAdc 


THERMAL CHARACTERISTICS 


*FR-5 = 1.0x0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


DEVICE MARKING 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mwrc 

Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R6IJA 

417 

X/W 

Junction and Storage Temperature 

.'^4' Tstg 

— 55 to +150 

X 


IVIMBR2060L 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 




RF AMPLIFIER TRANSISTOR 

NPN SILICON 


MMBR2060L = 7E 


ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | UniT 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 

V(BR)CE0 

14 

— 

Vdc 

Collector Cutoff Current 
(VcB = 10 Vdc, Ie = 0) 

ICBO 

— 

50 

nAdc 

Emitter Cutoff Current 
(Veb = 4.0, Ic = 0) 

•ebo 

— 

100 

/uAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 5.0 mAdc, Vqe = 5.0 Vdc) 
dC = 20 mAdc, Vqe = 10 Vdc, f = 500 MHz) 

hFE 

20 

2.0 

- 

— 

Collector-Emitter Saturation Voltage 
dC = 80 mAdc, Ib = 8.0 mAdc) 

VCE(sat) 

— 

0.38 

Vdc 

Base-Emitter Saturation Voltage 
dC = 40 mAdc, Ib = 20 mAdc) 

VBE(sat) 

— 

0.98 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 20 mAdc, Vqe = 1-0 Vdc, f = 100 MHz) 

It 

— 

1.0 

GHz 

Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0) 

^cb 

— 

1.0 

pF 

Emitter-Base Capacitance 
(Veb = 0.5 Vdc, Ic = 0) 

^eb 

— 

3.0 

pF 

Noise Figure 

(VcE = 10 Vdc, Ie = 1.5 mAdc, f = 450 MHz) 

NF(1) 

— 

3.5 

dB 

Common-Emitter Amplifier Power Gain 
(VcE = 10 Vdc, Ie = 1.5 mAdc, f = 450 Mhz) 

Gpe(1 ) 

12.5 

— 

dB 


(1) Noise figure and power gain measured on the Ailtech 7380 50 il system. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


2-205 






MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage . 

VCEO 

15 

Vdc 

Collector-Base Voltage 

VCBO 

30 

Vdc 

Emitter-Base Voltage 

Vebo 

2.5 

Vdc 

Collector Current — Continuous 

•c 

40 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/X 

Thermal Resistance Junction to Ambient 

R0JA 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj. Tstg 

— 55 to +150 

X 


*FR-5 = 1.0x0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBR2857L = 7K 



ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 1 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dC = 3.0 mAdc, Ib = 0) 

V(BR)CEO 

15 

-- 

Vdc 

Collector-Base Breakdown Voltage 
dC = I.OiuAdc, Ie = 0) 

V(BR)CBO 

30 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 AiAdc, Ic = 0) 

V(BR)EBO 

2.5 

— 

Vdc 

Collector Cutoff Current 
(VcB = 15 Vdc, Ie = 0) 

•CBO 

— 

0.05 

/uAdc 

ON CHARACTERISTICS 

DC Current Gain 
dC = 3.0 mAdc, Vqe = 1-0 Vdc) 

hFE 

30 

— 

— 


SMALL'SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 4.0 mAdc, Vqe = 10 Vdc, f = 100 MHz) 

fr 

1000 

— 

MHz 

Collector-Base Capacitance 
(VcB = 10 Vdc, Ig = 0, f = 0.1 MHz) 

Ccb 

— 

1.0 

pF 

Small-Signal Current Gain 
dC = 2.0 mAdc, Vqe = 6.0 Vdc, f = 1.0 kHz) 

hfe 

50 

— 

— 

Noise Figure 

dC = 1.5 mAdc, VcE = 6.0 Vdc, Rs = 50 a, f = 450 MHz) 

NF 

— 

4.5 

dB 

Common-Emitter Amplifier Power Gain 
dC = 1.5 mAdc, VcE = 6.0 Vdc, f = 450 MHz) 

GpE 

12.5 

— 

dB 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 






MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Collector-Base Voltage 

VCBO 

30 

Vdc 

Emitter-Base Voltage 

vebo 

3.0 

Vdc 

Collector Current — Continuous 

ic 

30 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R0JA 

417 

X/W 

Junction and Storage Temperature 


-55 to -i-150 

X 


*FR-5 = 1.0x0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

[ MMBR4957L = 7F 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 

V{BR)CEO 

30 

— 

Vdc 

Collector-Base Breakdown Voltage 

dC = 100 AtAdc, Ie = 0) , 

V{BR)CBO 

30 

— 

Vdc 

Emitter-Base Breakdown Voltage 
dE = 100 fiAdc. Ic = 0) 

V(BR)EBO 

3.0 

— 

Vdc 

Collector Cutoff Current 

(VcB = lOVdc, Ic = 0) 

•CBO 

— 

0.1 

^Adc 

ON CHARACTERISTICS 

DC Current Gain 
dC = 2.0 mAdc, VcE = 10 Vdc) 

^FE 



20 



150 

— 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ie = 2.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

fr 

1,200 

— 

MHz 

Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Ccb 

— 

0.8 

pF 

Common-Emitter Amplifier Power Gain(1) 

(VcE = 10 Vdc, Ic = 2.0 mAdc, f = 450 MHz) 

Gpe 

17(Typ) 

— 

dB 

Noise Figure(l) 

dC = 2.0 mAdc, VcE = 10 Vdc, f = 450 MHz) 

NF 


3.0 (Typ) 

dB 


(1) Noise figure and power gain measured on the Ailtech 7380 50 D system. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

10 

Vdc 

Collector-Base Voltage 

VCBO 

15 

Vdc 

Emitter-Base Voltage 

vebo 

3.0 

Vdc 

Collector Current — Continuous 

ic 

20 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board/ 

pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 

1.8 

mW/°C 


Thermal Resistance Junction to Ambient 

R0JA 

556 

°CI\N 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate/* Ta = 25°C 

Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R0JA 

417 

X/W 

Junction and Storage Temperature 


— 55 to +150 

°C 


*FR-5 = 1.0x 0.75x 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

[ MMBR5031L = 7G ~ 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

10 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 0.01 mAdc, Ie = 0) 

V(BR)CBO 

15 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 0,01 mAdc, Ic = 0) 

V(BR)EBO 

3.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 6.0 Vdc, Ie = 0) 

'CBO 

— 

10 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 

dC = 1.0 mAdc, VcE = 6.0 Vdc) 

hFE 

25 

300 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 5.0 mAdc, VcE = 6.0 Vdc, f = 100 MHz) 

fT 

1,000 

— 

MHz 

Collector-Base Capacitance 
(VcE = 6.0 Vdc, Ie = 0, f = 0,1 MHz) 

^cb 

— 

1.5 

PF 

Noise Figure 

dC = 1.0 mAdc, VcE = 6.0 Vdc, f = 450 MHz) 

NF(1) 

— 

2.5 

dB 

Common-Emitter Amplifier Power Gain 
dC = 1.0 mAdc, VcE = 6.0 Vdc, f = 450 MHz) 

GpeH ) 

14 

25 

dB 


(1) Noise figure and power gain measure on Ailtech 7380 50 fl system. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

12 

Vdc 

Collector-Base Voltage 

VCBO 

20 

Vdc 

Emitter-Base Voltage 

vebo 

2.5 

Vdc 

Collector Current — Continuous 

'c 

50 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R0JA 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R0JA 

417 

X/W 

Junction and Storage Temperature 

Tj.Tstq 

-55 to +150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


I MMBR5179L = 7H 



ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dc = 3.0 mAdc, Ib = 0) 

V(BR)CEO 

12 

— 

Vdc 

Collector-Base Breakdown Voltage 
dc = 0.01 mAdc, Ie = 0) 

V(BR)CBO 

20 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 0.01 mAdc, Ic = 0) 

V(BR)EBO 

2.5 

— 

Vdc 

Collector Cutoff Current 
(VcB = 15 Vdc, Ie = 0) 

•CBO 

— 

0.02 

fiA6c 

ON CHARACTERISTICS 

DC Current Gain 
dc = 3.0 mAdc, VcE = 10 Vdc) 

hFE 

25 

_ 

— 

Collector-Emitter Saturation Voltage 
dc = 10 mAdc, 10 = 1.0 mAdc) 

VCE(sat) 

— 

0.4 

Vdc 

Base-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 1-0 mAdc) 

VBE(sat) 

— 

1.0 

Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 5.0 mAdc, VcE = 6.0 Vdc, f = 100 MHz) 


900 

- 

MHz 

Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 0.1 to 1.0 MHz) 

Ccb 

— 

1.0 

PP 

Small Signal Current Gain 
dc = 2.0 mAdc, VcE = 6.0 Vdc, f = 1.0 kHz) 

•^fe 

25 


— 

Noise Figure 

dc = 1.5 mAdc, VcE = 6.0 Vdc, Rs = 50 H, f = 200 Mhz) 

NF(1) 

— 

4.5 

dfi 

Common-Emitter Amplifier Power Gain i 

(VcE = 6.0 Vdc, Ic = 5.0 mAdc, f = 200 MHz) 

Gped) 

15 

— 

dB 


(1) Noise figure and power gain measured on the Ailtech 7380 50 ft system. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

404L 

404AL 

Collector-Emitter Voltage 

VCEO 

24 

35 

Vdc 

Collector-Base Voltage 

VCBO 

25 

40 

Vdc 

Emitter-Base Voltage 

vebo 

12 

25 

Vdc 

Collector Current — Continuous 

•c 

150 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25X 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj, Tstg 

- 55 to -H 1 50 

X 


*FR-5 = 1.0x0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBT404L = 2M; MMBT404AL = 2N 



ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 


V(BR)CEO 




Vdc 

dC = 10 mAdc, Ib = 0) 

MMBT404L 

24 

— 

— 



MMBT404AL 


35 

— 

— 


Collector-Base Breakdown Voltage 


V(BR)CBO 




Vdc 

dC == 10 yuAdc, Ie = 0) 

MMBT404L 

25 

— 

— 



MMBT404AL 


40 

— 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 




Vdc 

(Ie = 10 /uAdc, Ic = 0) 

MMBT404L 


12 

— 

— 



MMBT404AL 


25 

— 

— 


Collector Cutoff Current 


•CBO 

— 

_ 

100 

nAdc 

(VcB = 10 Vdc, Ie = 0) 







Emitter Cutoff Current 


'ebo 

— 

— 

100 

nAdc 

(Vbe = 10 Vdc, Ic = 0) 








ON CHARACTERISTICS 


DC Current Gain 

dC = 12 mAdc, VcE = 0.15 Vdc) 

hFE 

30 

— 

400 

— 

Collector-Emitter Saturation Voltage 

VCE(sat) 




Vdc 

dC = 12 mAdc, Ib = 0.4 mAdc) 


— 

— 

0.15 


dC = 24 mAdc, Ib = 1.0 mAdc) 


— 

— 

0.20 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dC = 12 mAdc, Ib = 0.4 mAdc) 


— 

— 

0.85 


dC = 24 mAdc, Ib = 1.0 mAdc) 


— 

— 

1.0 



SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 

Cobo 

— 

— 

20 

PF 

(VcB = 6.0 Vdc, Ie = 0) 







SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 10 Vdc, Ic = 10 mAdc) (Figure 1) 

td 

— 

43 

— 

ns 

Rise Time 

(Ibi = 1.0 mAdc, VBE(off) = 14 Vdc) 

tr 

— 


— 

ns 

Storage Time 

(Vcc = 10 Vdc, Ic = 10 mAdc) 

Is 

— 

675 

— 

ns 

Fall Time 

(Ibi = IB2 = 10 mAdc) (Figure 1) 

tf 

i 

160 

— 

ns 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 











MMBT404L, AL 

FIGURE 1 — SWITCHING TIME TEST CIRCUIT 


VbB Vcc = -10 V 






ton» td/ 1|- 


+ 1.4 

toff, ts and tf 

+ 20.6 

-11.6 


Voltages and resistor values shown are 
for Ic = 10 mA, Iq/Ib = 10 and Ibi = Ib2 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

Vdc 

Collector-Base Voltage 

VCBO 

30 

Vdc 

Emitter-Base Voltage 

vebo 

3.0 

Vdc 

Collector Current — Continuous 

'c 

50 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

, 225 

mW 

Ta = 25X 




Derate above 25°C 


1.8 

mW/X 

Thermal Resistance Junction to Ambient 

R0Ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 




Derate above 25°C 


2.4 

rnWrC 

Thermal Resistance Junction to Ambient 

R^ja 

417 

°CA/V 

Junction and Storage Temperature 

Tj/ Tstq 

- 55 to +150 

°C 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBT918L = 3B 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise nbted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dC = 3.0 mAdc, Ib = 0) 

V(BR)CEO 

15 

— 

Vdc 

Collector-Base Breakdown Voltage 
(Ic = 1.0 /LtAdc, Ie = 0) 

V(BR)CBO 

30 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 nAdc, Ic = 0) 

V(BR)EB0 

3.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 15 Vdc, Ie = 0) 

>CBO 

— 

50 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
dC = 3.0 mAdc, Vqe = 1-0 Vdc) 

hFE 

20 

— 

— 

Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ib = 10 mAdc) 

VCE(sat) 

— 

0.4 

Vdc 

Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ib = 1.0 mAdc) 

VBE(sat) 

— 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 4.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

fr 

600 

— 

MHz 

Output Capacitance 
(VcB = 0 Vdc, Ie = 0, f = 1.0 MHz) 

(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Cobo 

- 

3.0 

1.7 

pF 

Input Capacitance 

(Veb = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

Cibo 

— 

2.0 

pF 

Noise Figure 

dC - 1.0 mAdc, VcE = 6.0 Vdc, Rs = 50 O, 
f = 60 MHz) (Figure 1) 

NF 


6.0 

dB 

Power Output 

dC = 8.0 mAdc, VcB = 15 Vdc, f = 500 MHz) 

Pout 

30 

— 

mW 

Common-Emitter Amplifier Power Gain 
dC = 6.0 mAdc, VcB = 12 Vdc, f = 200 MHz) 

Gpe 

11 

— 

dB 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MMBT918L 


FIGURE 1 — NF, Gpe MEASUREMENT CIRCUIT 20-200 


Vbb ''cc 



0.018 (jiF 


NF Test Conditions 
Ic = 1.0 Amp 
VcE = 6.0 Volts 
Rs === 60 ft 
f = 60 MHz 

Gpe Test Conditions 
Ic = 6.0 mA 
VcE = 12 Volts 
f = 200 MHz 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

Vdc 

Collector-Base Voltage 

VCBO 

45 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

30 

mAdc 


THERMAL CHARACTERISTICS 


*FR-5 = 1.0x0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 




Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R0JA 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 




Derate above 25X 


2.4 

mwrc 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj, Tgtg 

— 55 to H- 1 50 

X 


MMBT930L 

CASE 318-03, STYLE ( 
SOT-23 (TO-236AB) 




MMBT930L = IX 


GENERAL PURPOSE TRANSISTOR 

NPN SILICON 

Refer to MPS3904 for graphs. 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 1 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

45 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 10 fiAdc, Ie = 0) 

V(BR)CBO 

45 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 AiAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current 
(VcE = 5.0 Vdc, Ib = 0) 

'CEO 

— 

10 

— 

nAdc 

Collector Cutoff Current 
(VcB = 45 Vdc, Ie = 0) 

•CBO 

— 

10 

nAdc 

Collector Cutoff Current 
(VcE = 45 Vdc, Vbe = 0) 

•CES 

— 

10 

nAdc 

Emitter Cutoff Current 
(Veb = 5.0 Vdc, Ic = 0) 

•ebo 

— 

10 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
dC = 10 /LiAdc, VcE = 5.0 Vdc) 
dC = 500 fiAdc, VcE = 5.0 Vdc) 
dC = 10 mAdc, VcE = 5.0 Vdc) 

t^FE 

100 

150 

300 

600 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 0.5 mAdc) 

VCE(sat) 

— 

1.0 

Vdc 

Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 0.5 mAdc) 

VBEIsat) 

0.6 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 500 A«Adc, VcE = 5.0 Vdc, f = 30 MHz) 

■1 

30 

— 

im 

Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 


— 

8.0 

■■ 

Noise Figure 

dC = 10 (xAdc. VcE = 5.0 Vdc, Rs = 10 kfl, 
f = 10 Hz to 15.7 kHz) 


■ 


m 
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MAXIMUM RATINGS 


Rating 

Symbol 

MMBT2222L 

MMBT2222AL 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

40 

Vdc 

Collector-Base Voltage 

VCBO 

60 

75 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

6.0 

Vdc 

Collector Current — Continuous 

ic 

600 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 




Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 




Derate above 25®C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj, Tstg 

-55 to + 150 

°C 


*FR-5 = 1.0x0.75x 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBT2222L = IB; MMBT2222AL = IP 


MMBT2222L, AL 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 



GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 


Refer to MPS2222 for graphs. 


2 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mAdc, Ib = 0) 

MMBT2222L 

MMBT2222AL 

V{BR)CEO 

30 

40 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dC = 10 fiAdc, Ie = 0) 

MMBT2222L 


60 

— 



MMBT2222AL 


75 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 



Vdc 

(Ie = 10 A«Adc, Ic = 0) 

MMBT2222L 


5.0 

— 



MMBT2222AL 


6.0 

— 


Collector Cutoff Current 


'CEX 

— 

10 

nAdc 

(VcE = 60 Vdc, VEB(off) = 3.0 Vdc) 

MMBT2222AL 





Collector Cutoff Current 


•CBO 



^Adc 

(VcB = 50 Vdc, Ie = 0) 

MMBT2222L 


— 

0.01 


(VcB = 60 Vdc, Ie = 0) 

MMBT2222AL 


— 

0.01 


(VcB = 50 Vdc, Ie = 0, Ta = 125X) 

MMBT2222L 


— 

10 


(VcB = 50 Vdc, Ie = 0, Ta = 125°C) 

MMBT2222AL 


— 

10 


Emitter Cutoff Current 


•ebo 

— 

10 

nAdc 

(Veb = 3.0 Vdc, Ic = 0) 

MMBT2222AL 





Base Cutoff Current 


Ibl 

— 

20 

nAdc 

(VcE = 60 Vdc, VEB(off) = 3.0 Vdc) 

MMBT2222AL 






ON CHARACTERISTICS 


DC Current Gain 


f^FE 



_ 

dC = 0.1 mAdc, VcE = 10 Vdc) 



35 

— 


dC = 1.0 mAdc, VcE = 10 Vdc) 



50 

__ 


dC = 10 mAdc, VcE = 10 Vdc) 



75 

— 


dC = 10 mAdc, VcE = 10 Vdc, Ta = -55°C) 

MMBT2222AL only 


35 

— 


dC = 150 mAdc, VcE = 10 Vdc)(1) 



100 

300 


dC = 150 mAdc, VcE = 1-0 Vdc)(1) 



50 

— 


dC = 500 mAdc, VcE = 10 Vdc)(1) 

MMBT2222L 


30 

— 



MMBT2222AL 


40 

— 


Collector-Emitter Saturation Voltage(l) 


VcE(sat) 



Vdc 

dC =150 mAdc, Ib = 15 mAdc) 

MMBT2222L 


— 

0.4 



MMBT2222AL 


— 

0.3 


dC = 500 mAdc, Ib = 50 mAdc) 

MMBT2222L 


_ 

1.6 



MMBT2222AL 


— 

1.0 
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MMBT2222L, AL 


ELECTRICAL CHARACTERISTiCS (continued) (T^ = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Base-Emitter Saturation Voltage(l) 


VBE(sat) 



Vdc 

dC = 150 mAdc, Ib = 15 mAdc) 

MMBT2222L 

— 

1.3 



MMBT2222AL 


0.6 

1.2 


dC = 500 mAdc, Ib - 50 mAdc) 

MMBT2222L 




2.6 


MMBT2222AL 



2.0 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 20 mAdc, VcE = 20 Vdc, f = 100 MHz) 

MMBT2222L 

MMBT2222AL 


250 

300 

- 

MHz 

Output Capacitance 


Cobo 

— 

8.0 

pF 

(VcB = 10 Vdc, Ie = 0, f « 1.0 MHz) 






Input Capacitance 


^ibo 



pF 

(Veb = 0.5 Vdc, Ic “ 0, f = 1.0 MHz) 

MMBT2222L 


— 

30 



MMBT2222AL 


— 

25 


Input Impedance 


hie 



kn 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

MMBT2222AL 


2.0 

8.0 


dC = 10 mAdc, VcE = 10 Vdc, f ^ 1.0 kHz) 

MMBT2222AL 


0.25 

1.25 


Voltage Feedback Ratio 


hre 



X 10-4 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHi) 

MMBT2222AL 


— 

8.0 


dC = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

MMBT2222AL 


— 

4.0 


Small-Signal Current Gain 


hfe 



_ 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

MMBT2222AL 


50 

300 


dC = 10 mAdc, VcE = 10 Vdc*, f = 1.0 kHz) - 

MMBT2222AL 


75 

375 


Output Admittance 


hoe 



Mmhos 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

MMBT2222AL 


5.0 

35 


dC = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

MMBT2222AL 


25 

200 


Collector Base Time Constant 


rb'Cc 


150 

ps 

(IE ='20 mAdc, VcB = 20 Vdc, f = 31.8 MHz) 

MMBT2222AL i 





Noise Figure 


NF 

— 

4.0 

dB 

dC = 100 MAdc, VcE = 10 Vdc, Rs = 1.0 kft, f = 1.0 kHz) 

MMBT2222AL 






SWITGHtilG CHARACTERISTICS MMBT222!^ only 


Delay Time 

(Vcc = 30 Vdc, VBE(off) = 0.5 Vdc, 

td 

— 

10 

ns 

Rise Time 

IC = 150 mAdc, Ibi =15 mAdc) 

“ tr 

__ 

25 

ns 

Storage Time 

(Vcc = 30 Vdc, Ic = 150 mAdc, 

ts 

_ 

225 

ns 

Fall Time 

IBI = Ib 2 “ 15 mAdc) 

tf 

- 

60 

ns 


(1) Pulse Test: Pulse Width ss 300 fis, Duty Cycle ^ 2.0%. 

(2) fy is defined as the frequency at which |hfe| extrapolates to unity. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

Vdc 

Collector-Emitter Voltage 

VCES 

40 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

4.5 

Vdc 

Collector Current — Continuous 

■c 

500 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25X 

Derate above 25°C 

1.8 

mW/°C 


Thermal Resistance Junction to Ambient 

R0JA 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R(9JA 

417 

XAA/ 

Junction and Storage Temperature 

^J' ^stg 

- 55 to +150 

°C 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBT2369L = 1J 


IVIIVIBT2369L 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 



2 Emitter 


SWITCHING TRANSISTOR 

NPN SILICON 


Refer to MPS2369 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

(Ic = 10 mAdc, |0 = 0) 

V(BR)CE0 

15 

— 

— 

Vdc 

Collector-Emitter Breakdown Voltage 

V(BR)CES 

40 

__ 

— 

Vdc 

dC = 10/uAdc, Vbe = 0 ) 






Collector-Base Breakdown Voltage 

V(BR)CBO 

40 

— 

_ 

Vdc 

dC = 10 /uAdc, Ie = 0) 






Emitter-Base Breakdown Voltage 

V(BR)EB0 

4.5 

— 

_ 

Vdc 

(Ie = 10 /uAdc, Ic = 0) 






Collector Cutoff Current 

ICBO 




/iAdc 

(VcB = 20 Vdc, Ie = 0) 


— 

— 

0.4 


(VcB = 20 Vdc, Ie = 0, Ta = 125°C) 


— 

— 

30 



ON CHARACTERISTICS 


DC Current Gain(1) 

(Ic = 10 mAdc, VcE = 10 Vdc) 
dC = 100 mAdc, VcE = 2.0 Vdc) 

hFE 

40 

20 

- 

120 

— 

Collector-Emitter Saturation Voltage(l) 
dC = 10 mAdc, Ig = 1.0 mAdc) 

VCE(sat) 

— 

— 

0.25 

Vdc 

Base-Emitter Saturation Voltage(l) 

(Ic = 10 mAdc, Ig = 1.0 mAdc) 

VBE(sat) 

0.7 

— 

0.85 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 

^obo 

— 

— 

4.0 

PF 

Small Signal Current Gain 
dC = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

*^fe 

5.0 


1 

— 


SWITCHING CHARACTERISTICS 


Storage Time 

dB1 = IB2 = Ic = 10 mAdc) 

^s 

— 

5.0 

13 

ns 

Turn-On Time 

(Vcc = 3.0 Vdc, Ic = 10 mAdc, Ibi = 3.0 mAdc) 

Ion 

— 

8.0 

12 

ns 

Turn-Off Time 

(Vcc = 3.0 Vdc, Ic = 10 mAdc, Ibi = 3.0 mAdc, Ib 2 = 1-5 mAdc) 

toff 

— 

10 

18 

ns 


(1) Pulse Test: Pulse Width =5 300 /as, Duty Cycle 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

vebo 

6.0 

Vdc 

Collector Current — Continuous 

ic 

50 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25®C 

Derate above 25°C 


2.4 

mW/“C 

Thermal Resistance Junction to Ambient 

R0JA 

417 

X/W 

Junction and Storage Temperature 

Tj' Tstq 

- 55 to +150 

X 


*FR-5 = 1.0x0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBT2484L = 1U 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol j Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

60 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

60 

— 

Vdc 

dC = 10 /iAdc, Ie = 0) 





Emitter-Base Breakdown Voltage 

V(BR)EB0 

5.0 

— 

Vdc 

dE = 10 /xAdc, Ic = 0) 





Collector Cutoff Current 

ICBO 




(VcB = 45 Vdc, Ie = 0) 


— 

10 

nAdc 

(VcB = 45 Vdc, Ie = 0, Ta 150X) 



10 

IxAdc 

Emitter Cutoff Current 

iebo 

— 

10 

nAdc 

(Vbe = 5.0 Vdc, Ic = 0) 






ON CHARACTERISTICS 


DC Current Gain 

dC = 1.0 mAdc, VcE = 5.0 Vdc) 
dC = 10 mAdc, VcE = 5.0 Vdc) 

hFE 

250 

800 

— 

Collector-Emitter Saturation Voltage 
dC == 1.0 mAdc, Ib == 0.1 mAdc) 

VCE(sat) 

— 

0.35 

■ ■■ 

Vdc 

Base-Emitter On Voltage 
dC = 1.0 mAdc, VcE = 5.0 Vdc) 

VBE(on) 

— 

0.95 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 1 MHz) 

Cobo 

— 

6.0 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic ^ 0, f = 1 MHz) 

^ibo 

— 

6.0 

PF 

Noise Figure 

dC = 10 /iAdc, VcE = 5.0 Vdc, Rs = 10 kfl, f = 1.0 kHz, BW = 200 Hz) 

NF 

— 

3.0 

dB 
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MAXIMUM RATINGS 


Rating 

Symbol 

MPS2907L 

MPS2907AL 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

60 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

600 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mwrc 

Thermal Resistance Junction to Ambient 

P0JA 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R0JA 

417 

X/W 

Junction and Storage Temperature 

Tj' Tstg 

- 55 to -1-150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBT2907L = 2B; MMBT2907AL = 2F 


IVIMBT2907L, AL 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 



2 Emitter 


GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 


Refer to MPS2907 for graphs. 


ELECTRICAL CHARACTERISTICS {T/\ - 25°C unless otherwise noted.) 


Characteristic 


Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage! 1) 


V(BR)CEO 



Vdc 

(Ic = 10 mAdc, Ib = 0) 

MMBT2907L 


40 

— 



MMBT2907AL 


60 

— 


Collector-Base Breakdown Voltage 


V(BR)CBO 

60 

— 

Vdc 

(Ic = 10 fiAdc, Ie = 0) 






Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

Vdc 

(Ig = 10 fxAdc, Ic = 0) 






Collector Cutoff Current 


•CEX 

_ 

50 

nAdc 

(VcE = 30 Vdc, VBE(off) = 0-5 Vdc) 






Collector Cutoff Current 


ICBO 



fiAdc 

(VcB = 50 Vdc, Ie = 0) 

MMBT2907L 


— 

0.020 



MMBT2907AL 


— 

0.010 


(VcB = 50 Vdc, Ie = 0, Ta = 125X) 

MMBT2907L 


_ 

20 



MMBT2907AL 


— 

10 


Base Current 


Ib 

— 

50 

nAdc 

(VcE = 30 Vdc, VBE(off) = 0-5 Vdc) 






ON CHARACTERISTICS 

DC Current Gain 


hFE 



— 

dC = 0.1 mAdc, VcE = 10 Vdc) 

MMBT2907L 


35 

— 



MMBT2907AL 


75 

— 


dc = 1.0 mAdc, VcE = 10 Vdc) 

MMBT2907L 


50 

_ 



MMBT2907AL 


100 

— 


dC = 10 mAdc, VcE = 10 Vdc) 

MMBT2907L 


75 

— 



MMBT2907AL 


100 

— 


dc = 150 mAdc, VcE = 10 Vdc)(1) 

MMBT2907L, MMBT2907AL 


100 

300 


dc = 500 mAdc, VcE = 10 Vdc)(1) 

MMBT2907L 


30 

_ 



MMBT2907AL 


50 

— 


Collector-Emitter Saturation Voltage! 1) 


VCE(sat) 



Vdc 

(Ic =150 mAdc, Ib = 15 mAdc) 


— 

0.4 


dc = 500 mAdc, Ib = 50 mAdc) 



— 

1.6 


Base-Emitter Saturation Voltage! 1) 


VBE(sat) 



Vdc 

dc = 150 mAdc, Ib = 15 mAdc) 



— 

1.3 


dc = 500 mAdc, Ib = 50 mAdc) 



— 

2.6 
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MMBT2907L, AL 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 1 Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product! 1), (2) 
dC = 50 mAdc, Vqe = 20 Vdc, f = 100 MHz) 

fj 

200 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Cobo 

— 

8.0 

pF 

Input Capacitance 

(Vbe = 2.0 Vdc, Ic = 0, f = 1.0 MHz) 

^ibo 

— 

30 

PF 

SWITCHING CHARACTERISTICS 

Turn-On Time 

(Vcc = 30 Vdc, Ic = 150 mAdc, 

IbI = 15 mAdc) 

Ion 

— 

45 

ns 

Delay Time 

td 


10 

ns 

Rise Time 

tr 


40 

ns 

Turn-Off Time 

(Vcc = 6.0 Vdc, Ic = 150 mAdc, 

IBI = IB2 = 16 mAdc) 

toff 

— 

100 

ns 

Storage Time 

ts 

— 

80 

ns 

Fall Time 

tf 

— 

30 

ns 


(1) Pulse Test: Pulse Width ^ 300 fxs, Duty Cycle < 2.0%. 

(2) fy is defined as the frequency at which |hfel extrapolates to unity. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 




MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

12 

Vdc 

Collector-Base Voltage 

VCBO 

12 

Vdc 

Emitter-Base Voltage 

vebo 

4.0 

Vdc 

Collector Current — Continuous 

ic 

80 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25°C 




Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 




Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

417 

°C/W 

Junction and Storage Temperature 

Tj/ Tgtq 

— 55 to +150 

°C 


^FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBT3640L = 2J 



ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min I Max 1 Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 100 /nAdc, Vbe = 0) 

V(BR)CES 

— 

12 

— 

Vdc 

Collector-Emitter Sustaining Voltage(l) (Iq = 10 mAdc, Is = 0) 

VCEO{sus) 

12 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 100 /xAdc, Ig = 0) 

V(BR)CBO 

12 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ig = 100 (xAdc, Iq = 0) 

V(BR)EBO 

4.0 

— 

Vdc 

Collector Cutoff Current (Vqe = 6.0 Vdc, Vbe = 0) 

Ices 

— 

0.01 

/iAdc 

(VCE = 6.0 Vdc, Vbe = 0, Ta = 65°C) 


— 

1.0 


Base Current (Vqe = 6.0 Vdc, Vbe = 6) 

'b 

z; 1 

10 

nAdc 


ON CHARACTERISTICS! 1) 


DC Current Gain (Ic = 10 mAdc, VcE = 0.3 Vdc) 

hFE 

30 

120 

_ 

dC = 50 mAdc, VcE = 1-0 Vdc) 


20 

— 


Collector-Emitter Saturation Voltage (Ic = 10 mAdc, Ib = 1-0 mAdc) 

VCE(sat) 

— 

0.2 

Vdc 

(Ic = 50 mAdc, Ib = 5.0 mAdc) 

— 

0.6 


(Ic = 10 mAdc, Ib = 1.0 mAdc, Ta = 65°C) 

1 

1 


0.25 


Base-Emitter Saturation Voltage (Ic = 10 mAdc, Ib = 0.5 mAdc) 1 

VBE(sat) 

0.75 

0.95 

Vdc 

(IC = 10 mAdc, Ib = 1.0 mAdc) 

0.8 

1.0 


dC = 50 mAdc, Ib = 5.0 mAdc) j 


— 





SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product dc = 10 mAdc, Vce = 5.0 Vdc, f = 100 MHz) 

fT 

500 

— 

MHz 

Output Capacitance (Vcb = = 5.0 Vdc, Ig = 0, f = 1.0 MHz) 

Co bo 

— 

3.5 

pF 

Input Capacitance (Vbe 

= 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

Cibo 

— 

3.5 

PF 

SWITCHING CHARACTERISTICS 

Delay Time 

(Vec = 6.0 Vdc, Ic = 50 mAdc, VBE(off) = l-S Vdc, 

td 

— 

10 

ns 

Rise Time 

Ibi = 5.0 mAdc) 

tr 

— 

30 

ns 

Storage Time 

(Vec = 6.0 Vdc, Ic = 50 mAdc, Ibi = Ib 2 = 6.0 mAdc) 

^s 

— 

20 

ns 

Fall Time 


tf 

— 

12 

ns 

Turn-On Time 


ton 



ns 

(Vce = 6.0 Vdc, Ic = 50 mAdc, VBE(off) = ^-9 Ibi = 6.0 mAdc) 


— 

25 


(Vec = 1>5 Vdc, Ic = 10 mAdc, Ibi = 0.5 mAdc) 


— 

60 


Turn-Off Time 


toff 



ns 

(Vec = 6.0 Vdc, Ic = 50 mAdc, VBE(off) ~ 1-9 V, Ibi = Ib 2 = 6.0 mAdc) 


— 

35 


(VeC = ”'•6 Vdc, Ic = 10 mAdc, Ibi = Ib 2 = 0.5 mAdc) 


— 

75 


(1) Pulse Test: Pulse Width 

< 300 AS, Duty Cycle ^ 2.0%. 






MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


2-221 






MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

Vdc 

Collector Current — Continuous 

ic 

200 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R0JA 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj/ Tstg 

— 55 to +150 

X 


*FR-5 = 1.0 x0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

[ MMBT3903L = 1Y; MMBT3904L 1A 


MIVIBT3903L 

IVIIVIBT3904L 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 



GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 


Refer to 2N3903 for graphs. 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min [ Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 1.0 mAdc, Ib = 0) 

V{BR)CEO 

40 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 10 /xAdc, Ie = 0) 

V(BR)CBO 

60 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 fiAdc, Ic = 0) 

V(BR)EBO 

6.0 

— 

Vdc 

Base Cutoff Current 
(VcE = 30 Vdc, Veb = 3.0 Vdc) 

'BL 

— 

50 

nAdc 

Collector Cutoff Current 
(VcE = 30 Vdc, Veb = 3.0 Vdc) 

>CEX 

— 

50 

nAdc 


ON CHARACTERISTICS 


DC Current Gain{1) 


hFE 



— 

dC = 0.1 mAdc, VcE = 10 Vdc) 

MMBT3903L 


20 

— 



MMBT3904L 


40 

— 


dC = 1.0 mAdc, VcE = TO Vdc) 

MMBT3903L 


35 

— 



MMBT3904L 


70 

— 


dC = 10 mAdc, VcE = 10 Vdc) 

MMBT3903L 


50 

150 


MMBT3904L 


100 

300 


(Ic = 50 mAdc, Vqe = 1.0 Vdc) 

MMBT3903L 


30 

_ 



MMBT3904L 


60 

__ 


dC = 100 mAdc, VcE = 10 Vdc) 

MMBT3903L 


15 

— 



MMBT3904L 


30 

— 


Collector-Emitter Saturation Voltage(l) 


VcE(sat) 



Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 


— 

0.2 


dC = 50 mAdc, Ib = 5.0 mAdc) 



— 

0.3 


Base-Emitter Saturation Voltage(l) 


VBE(sat) 



Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 



0.65 

0.85 


dC = 50 mAdc, Ib = 5.0 mAdc) 



— 

0.95 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

fr 



MHz 

dC = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) MMBT3903L 


250 

— 


MMBT3904L 


300 

— 



MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 






MMBT3903L, MMBT3904L 

ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

Output Capacitance 


^obo 

_ 

4.0 

PF 

(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 






Input Capacitance 


o 

.Q 

6 

— 

8.0 

PF 

(Vbe = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 






Input Impedance 


hie 



k ohms 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

MMBT3903L 


1.0 

8.0 



MMBT3904L 


1.0 

10 


Voltage Feedback Ratio 


hre 



X 10-4 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

MMBT3903L 


0.1 

5.0 



MMBT3904L 


0.5 

8.0 


Small-Signal Current Gain 


hfe 



— 

dc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

MMBT3903L 


50 

200 



MMBT3904L 


100 

400 


Output Admittance 


hoe 

1.0 

40 

/Ltmhos 

dc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 






Noise Figure 


NF 



dB 

(Ic = 100 fiAdc, VcE = 5.0 Vdc, Rs == 10 k ohms. 

MMBT3903L 


— 

6.0 


f = 1.0 kHz) 

MMBT3904L 


— 

5.0 



SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 3.0 Vdc, Vbe = 0-5 Vdc, 

Ic = 10 mAdc, Ibi = 10 mAdc) 

td 

— 

35 

ns 

Rise Time 

tr 


35 

ns 

Storage Time 

(Vcc = 3.0 Vdc, Ic = 10 mAdc, 

MMBT3903L 

Is 

_ 

175 

ns 


Ibi = IB2 = 1-0 mAdc) 

MMBT3904L 


— 

200 


Fall Time 



!f 

II 1 

50 

ns 


(1) Pulse Test: Pulse Width 300 /xs, Duty Cycle 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


2-223 





MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

'c 

200 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 




Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R0JA 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 




Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj/ Tstg 

-55 to +150 

X 


*FR-5 = 1.0x0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBT3906L = 2 A 



ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 1 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
dC = 1.0 mAdc, 1 b = 0) 

V(BR)CEO 

40 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

40 

— 

Vdc 

dC = 10 fiAdc, Ie = 0) 





Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 10 AAdc, Ic = 0) 





Base Cutoff Current 

•bl 

— 

50 

nAdc 

(VcE = 30 Vdc, Vbe = 3.0 Vdc) 





Collector Cutoff Current 

ICEX 

_ 

50 

nAdc 

(VcE = 30 Vdc, Vbe = 3.0 Vdc) 





ON CHARACTERISTICSd) 

DC Current Gain 

hFE 



— 

(Ic = 0.1 mAdc, VcE = 1.0 Vdc) 


60 

— 


dC = 1.0 mAdc, VcE = 1-0 Vdc) 


80 

— 


dC = 10 mAdc, VcE = l-O Vdc) 


100 

300 


dC = 50 mAdc, Vqe = ‘'■0 Vdc) 


60 

— 


dC = 100 mAdc, VcE = 1-0 Vdc) 


30 

— 


Collector-Emitter Saturation Voltage 

VCE(sat) 



Vdc 

dC = 10 mAdc, Ib - 1.0 mAdc) 


— 

0.25 


dC = 50 mAdc, Ib = 5.0 mAdc) 


— 

0.4 


Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 


0.65 

0.85 


(Ic = 50 mAdc, Ib = 5.0 mAdc) 


— 

0.95 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

fT 

250 

- 

MHz 

Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 

^obo 

— 

4.5 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 

^ibo 

— 

10.0 

PF 

Input Impedance 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hie 

2.0 

12 

k ohms 

Voltage Feedback Ratio 
dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hre 

0.1 

10 

X 10-4 

Small-Signal Current Gain 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) ' 

hfe 

100 

400 

— 


MOTOROLA SMALL-SIGNAL TRANSISTORS. FETs AND DIODES 







MMBT3906L 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Output Admittance 

dc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hoe 

3.0 

60 

)u-mhos 

Noise Figure 

dc = 100 fiAdc, VcE = 5.0 Vdc, Rs = 1.0 k ohm, f = 10 Hz to 15.7 kHz) 

NF 

— 

4.0 

dB 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 3.0 Vdc, Vbe = 0.5 Vdc 

td 

— 

35 

ns 

Rise Time 

Ic = 10 mAdc, Ibi = 10 mAdc) 

tr 

— 

35 

ns 

Storage Time 

(Vcc = 3.0 Vdc, Ic = 10 mAdc, 

Is 

— 

225 

ns 

Fall Time 

Ibi = IB2 = 1-0 mAdc) 

tf 

— 

75 

ns 


(1) Pulse Width ^ 300 /xs, Duty Cycle ^ 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

V 

Collector-Base Voltage 

VCBO 

40 

V 

Emitter-Base Voltage 

Vebo 

5.0 

V 

Collector Current — Continuous 

>C 

200 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/X 

Thermal Resistance Junction to Ambient 

P(9JA 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj/ Tstg 

-55 to +150 

X 


*FR-5 = 1.0x0.75x0.062 In. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

[ MMBT4123L = 5B 



ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max { Uni^ 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

{IC = 1.0 mAdc, Ie = 0) 

V(BR)CEO 

25 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 10 /iAdc, Ie = 0) 

V(BR)CBO 

30 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 fiAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 20 Vdc, Ie = 0) 

'CBO 

— 

50 

nAdc 

Emitter Cutoff Current 
(Vbe = 3.0 Vdc, Ic = 0) 

•ebo 

— 

50 ^ 

nAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 
dC = 2.0 mAdc, Vqe = 1-0 Vdc) 
dC = 50 mAdc, Vqe = 10 Vdc) 

hFE 

50 

25 

150 

— 

Collector-Emitter Saturation Voltage(l) 
dC = 50 mAdc, Ig = 5.0 mAdc) 

VCE(sat) 

__ 

0.3 

Vdc 

Base-Emitter Saturation Voltage(l) 
dC = 50 mAdc, Iq = 5.0 mAdc) 

VBE(sat) 

— 

0.95 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

fr 

250 

— 

MHz 

Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

— 

4.0 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 

Cibo 

— 

8.0 

PF 

Collector-Base Capacitance 
(Ie = 0, VcB = 5.0 V, f = 100 kHz) 

^cb 

— 

4.0 

pF 

Small-Signal Current Gain 
dC = 2.0 mAdc, Vqe = 10 Vdc, f = 1.0 kHz) 

hfe 

50 

200 

— 

Current Gain — High Frequency 
dC = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Ihfel 

2.5 

— 

— 

Noise Figure 

dC = 100 AtAdc, VcE = 5.0 Vdc, Rs = 10 kohm, f = 1.0 kHz) 

NF 


6.0 

dB 


(1) Pulse Test: Pulse Width = 300 /js, Duty Cycle = 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 






MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Collector-Base Voltage 

VCBO 

30 

Vdc 

Emitter-Base Voltage 

Vebo 

4.0 

Vdc 

Collector Current — Continuous 

ic 

200 

mAdc 

Total Device Dissipation @ T^ = 25°C 

Pd 

350 

mW 

Derate above 25°C 


2.8 

mW/X 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj/ Tgtg 

- 55 to 4-150 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25X 

Derate above 25X 


1.8 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25X 

Derate above 25X 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj/ Tgtq 

- 55 to 4-150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBT4125L = ZD 


MIVIBT4125L 

CASE 318-03, STYLE 6 
SOT-23 {TO-236AB) 



2 Emitter 


GENERAL PURPOSE TRANSISTOR 

PNP SILICON 


Refer to 2N4125 for graphs. 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 1.0 mAdc, Ie = 0) 

V{BR)CEO 

30 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 10 /lAdc, Ie = 0) 

V(BR)CBO 

30 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 /lAdc, Ic = 0) 

V(BR)EBO 

4.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 20 Vdc, Ie = 0) 

ICBO 

— 

50 

nAdc 

Emitter Cutoff Current i 

(Vbe = 3.0 Vdc, Ic = 0) 

•ebo 

— 

50 

nAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 
dC = 2.0 mAdc, Vce = TO Vdc) 
dC = 50 mAdc, Vce = 10 Vdc) 

hFE 

50 

25 

150 

— 

Collector-Emitter Saturation Voltage(l) 
dC = 50 mAdc, Ib = 5.0 mAdc) 

VCE(sat) 

— 

0.4 

Vdc 

Base-Emitter Saturation Voltage(l) 

(Ic = 50 mAdc, Ib = 5.0 mAdc) 

VBE(sat) 

— 

0.95 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, Vce = 20 Vdc, f = 100 MHz) 


200 

— 

MHz 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 

n 

& 

o 

— 

10 

pF 

Collector-Base Capacitance 
(Vcb = 5.0 Vdc, Ie = 0, f = 100 kHz) 

Ccb 

— 

4.5 

PF 

Small-Signal Current Gain 
dC = 2.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 

hfe 

50 

200 

— 

Current Gain — High Frequency 
dC = 10 mAdc, Vce = 20 Vdc, f = 100 MHz) 

Ihfel 

2.0 

— 

— 

Noise Figure 

dC = 100 /lAdc, Vce = 5.0 Vdc, Rs = 1.0 kohm. 

Noise Bandwidth = 10 Hz to 15.7 kHz) j 

NF 


5.0 

dB 


(1) Pulse Test: Pulse Width = 300 /is, Duty Cycle = 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

vebo 

6.0 

Vdc 

Collector Current — Continuous 

ic 

600 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 




Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 




Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

Rwa 

417 

°C/W 

Junction and Storage Temperature 

Tj, Tstq 

— 55 to -1-150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


DEVICE MARKING 


MMBT4401L = 2X 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 



Characteristic 


Symbol 


Min 


Max 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage! 1) (Iq = 1-0 mAdc, \q = 0) 

V(BR)CEO 

40 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 0.1 mAdc, Ig = 0) 

V(BR)CBO 

60 

— 

Vdc 

Emitter-Base Breakdown Voltage (l^ = 0.1 mAdc, Iq = 0) 

V(BR)EBO 

6.0 

— 

Vdc 

Base Cutoff Current (Vqe = 35 Vdc, Vgs = 0-4 Vdc) 

•bev 

— 

0.1 

IjlMc 

Collector Cutoff Current (Vqe = 35 Vdc, V^b = 0-4 Vdc) 

ICEX 

- 

0.1 

/xAdc 


ON CHARACTERISTICS! 1) 


DC Current Gain dC = 0.1 mAdc, VcE = 1.0 Vdc) 

dC = 1.0 mAdc, VcE = 1.0 Vdc) 

(Ic = 10 mAdc, VcE = 1.0 Vdc) 
dC = 150 mAdc, Vqe = 1-0 Vdc) 
dC = 500 mAdc, Vqe = 2.0 Vdc) 

hFE 

20 

40 

80 

100 

40 

— 

300 


Collector-Emitter Saturation Voltage (Iq = 150 mAdc, Ib = 15 mAdc) 

VCE(sat) 

— 

0.4 

Vdc 

dC = 500 mAdc, Ib = 50 mAdc) 


— 

0.75 


Base-Emitter Saturation Voltage dC = 150 mAdc, Ib = 15 mAdc) 

VBE(sat) 

0.75 

0.95 

Vdc 

dC = 500 mAdc, Ib = 50 mAdc) 


— 

1.2 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 20 mAdc, Vqe = 10 Vdc, f = 100 MHz) 

fT 

250 

— 

MHz 

Collector-Base Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 

^cb 

— 

6.5 

PF 

Emitter-Base Capacitance 
(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 

O'eb 

— 

30 

PF 

Input Impedance 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hie 

1.0 

15 

k ohms 

Voltage Feedback Ratio 
dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hre 

0.1 

8.0 

X 10-4 

Small-Signal Current Gain 
dc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hfe 

40 

500 

— 

Output Admittance 

dc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hoe 

1.0 

30 

jumhos 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 30 Vdc, Veb = 2.0 Vdc, 

Ic = 150 mAdc, Ibi = 15 mAdc) 

Id 

— 

15 

ns 

Rise Time 

tr 

— 

20 

ns 

Storage Time 

(Vcc = 30 Vdc, Ic = 150 mAdc, 

Ibi = Ib 2 = 15 mAdc) 

Is 

— 

225 

ns 

Fall Time 

tf 

— 

30 

ns 


(1) Pulse Test: Pulse Width 300 /xs, Duty Cycle ^ 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

600 

mAdc 


THERMAL CHARACTERISTICS 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25X 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tjf Tstg 

-55 to +150 

X 


IVIMBT4403L 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 




SWITCHING TRANSISTOR 

PNP SILICON 


MMBT4403L = 2T 


Refer to 2N4402 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max 1 Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) (Iq = 10 mAdc, Ib = 0) 

V(BR)CEO 

40 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 0.1 mAdc, Ig = 0) 

V(BR)CB0 

40 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 0.1 mAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Base Cutoff Current (VcE = 35 Vdc, Vbe = 0.4 Vdc) 

Ibev 

— 

0.1 

/xAdc 

Collector Cutoff Current (Vqe = 35 Vdc, Vbe = 0-4 Vdc) 

ICEX 

- 

0.1 

fiAdc 


ON CHARACTERISTICS 


DC Current Gain (Ic = 0.1 mAdc, Vqe = 1-0 Vdc) 

dC = 1.0 mAdc, VcE = 10 Vdc) 
dC = 10 mAdc, VcE = 1-0 Vdc) 
dC = 150 mAdc, VcE = 2.0 Vdc){1) 
dC = 500 mAdc, Vqe = 2.0 Vdc)(1) 

hFE 

30 

60 

100 

100 

20 

300 


Collector-Emitter Saturation Voltage(l) (Ic = 150 mAdc, Ib = 15 mAdc) 

VCE(sat) 

— 

0.4 

Vdc 

dC = 500 mAdc, Ib = 50 mAdc) 


— 

0.75 


Base-Emitter Saturation Voltage(l) (Ic = 150 mAdc, Ib = 15 mAdc) 

VBE{sat) 

0.75 

0.95 

Vdc 

dC = 500 mAdc, Ib = 50 mAdc) 


— 

1.3 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product dc = 20 mAdc, VcE = 10 Vdc, f = 100 MHz) 

fT 

200 

— 

MHz 

Collector-Base Capacitance (VcB = 10 Vdc, Ie = 0, f = 140 kHz) 

Ccb 

— 

8,5 

pF 

Emitter-Base Capacitance (Vbe = 0.5 Vdc, Ic = 0, f = 140 kHz) 

Ceb 

— 

30 

PF 

Input Impedance dc = 1-0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 

hie 

1.5k 

15k 

ohms 

Voltage Feedback Ratio (Ic = 10 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 

hre 

0.1 

8.0 

X 10-4 

Small-Signal Current Gain (Ic = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 

hfe 

60 

500 

— 

Output Admittance (Ic = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 

hoe 

1.0 

100 

Amhos 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vce = 30 Vdc, Vbe = 2.0 Vdc, 

td 

— 

15 

ns 

Rise Time 

Ic = 150 mAdc, Ibi = 15 mAdc) 

tr 

— 

20 

ns 

Storage Time 

(Vcc = 30 Vdc, Ic = 150 mAdc, 

Is 

_ 

225 

ns 

Fall Time 

Ibi = IB2 10 mAdc) 

tf 

— 

30 

ns 


(1) Pulse Test; Pulse Width 300 ^s. Duty Cycle 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

50 

Vdc 

Collector-Base Voltage 

VCBO 

50 

Vdc 

Emitter-Base Voltage 

vebo 

3.0 

Vdc 

Collector Current — Continuous 

ic 

50 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

417 

°C/W 

Junction and Storage Temperature 

Tj/ Tstg 

-55 to +150 

X 


*FR-5 = 1.0 x 0.75x 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


I\/1MBT5086L = 2P; MMBT5087L = 2Q 


IVIMBT5086L 

MIVIBT5087L 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 



2 Emitter 


LOW NOISE TRANSISTORS 

PNP SILICON 


Refer to 2N5086 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

50 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

50 

— 

Vdc 

dC = 100 /xAdc, Ie = 0) 





Collector Cutoff Current 

'CBO 



nAdc 

(VcB = 10 Vdc, Ie = 0) 


— 

10 


(VcB = 35 Vdc, Ie = 0) 


— 

50 



ON CHARACTERISTICS 


DC Current Gain 

dC = 100 ^Adc, VcE = 5.0 Vdc) 

dC = 1.0 mAdc, VcE = 5.0 Vdc) 

dC = 10 mAdc, VcE = 5.0 Vdc) 

MMBT5086L 

MMBT5087L 

MMBT5086L 

MMBT5087L 

MMBT5086L 

MMBT5087L 

hFE 

150 

250 

150 

250 

150 

250 

500 

800 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ib = 1.0 mAdc) 


VCE(sat) 

— 

0.3 

Vdc 

Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 


VBE(sat) 

— 

0.85 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 500 /xAdc, VcE = 5.0 Vdc, f = 20 MHz) 


40 

— 

MHz 

Output Capacitance 


^obo 

— 

4.0 

PF 

(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 






Small-Signal Current Gain 


hfe 



— 

dC = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

MMBT5086L 


150 

600 


dC = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

MMBT5087L 


250 

900 


Noise Figure 


NF 



dB 

dC = 20 mAdc, Vqe = 5.0 Vdc, Rs = 10 kO, 






f = 10 Hz to 15.7 kHz) 

MMBT5086L 


— 

3.0 



MMBT5087L 


— 

2.0 


dC = 100 AAdc, VcE = 5.0 Vdc, 






RS = 3.0kn, f = 1.0 kHz) 

MMBT5086L 


— 

3.0 



MMBT5087L 


— 

2.0 



MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 








MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

MMBT5088L 

MMBT5089L 

Collector-Emitter Voltage 

VCEO 

30 

25 

Vdc 

Collector-Base Voltage 

VCBO 

35 

30 

Vdc 

Emitter-Base Voltage 

vebo 

4.5 

Vdc 

Collector Current — Continuous 

ic 

50 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25“C 

Derate above 25°C 


1.8 

mW/X 

Thermal Resistance Junction to Ambient 

P^JA 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 

2.4 

mW/X 


Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj. Tstg 

- 55 to -1-150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBT5088L = IQ; MMBT5089L = 1R 


MIVIBT5088L 

IVIIVIBT5089L 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 



2 Emitter 


LOW NOISE TRANSISTORS 

NPN SILICON 


Refer to MPSA18 for graphs. 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 

MMBT5088L 

MMBT5089L 

V(BR)CEO 

30 

25 

- 

Vdc 

Collector-Base Breakdown Voltage 


V{BR)CBO 



Vdc 

dc = 100 AtAdc, Ie = 0) 

MMBT5088L 


35 

— 



MMBT5089L 


30 

— 


Collector Cutoff Current 


ICBO 



nAdc 

(VcB = 20 Vdc, Ie = 0) 

MMBT5088L 


— 

50 


(VcB = 15 Vdc, Ie - 0) 

MMBT5089L 


— 

50 


Emitter Cutoff Current 


'ebo 



nAdc 

(VEB(off) = 3.0 Vdc, Ic = 0) 

MMBT5088L 


— 

50 


(VEB{off) = 4.5 Vdc, Iq = 0) 

MMBT5089L 


— 

100 



ON CHARACTERISTICS 


DC Current Gain (Iq = 100 /lAdc, Vqe 5.0 Vdc) MMBT5088L 

MMBT5089L 

dc = 1.0 mAdc, VcE = 5.0 Vdc) MMBT5088L 

MMBT5089L 

dc = 10 mAdc, VcE = 5.0 Vdc) MMBT5088L 

MMBT5089L 

hFE 

300 

400 

350 

450 

300 

400 

900 

1200 


Collector-Emitter Saturation Voltage (Ic = 10 mAdc, Ib = 1.0 mAdc) 

VCE(sat) 

— 

0.5 

Vdc 

Base-Emitter Saturation Voltage (Ic = 10 mAdc, Ib == 1.0 mAdc) 

VBE(sat) 

- 

0.8 

Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 500 ^Adc, VcE = 5.0 Vdc, f = 20 MHz) 

fj 

50 

— 

MHz 

Collector-Base Capacitance 

(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz emitter guarded) 

Ccb 

— 

4.0 

pF 

Emitter-Base Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz collector guarded) 

Ceb 

— 

10 

PF 

Small Signal Current Gain 

dc = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) MMBT5088L 

MMBT5089L 

hfe 

350 

450 

1400 

1800 


Noise Figure 

dc = 100 AAdc, VcE = 5.0 Vdc, Rs = 10 kQ, 

f = 10 Hz to 15.7 Hz) MMBT5088L 

MMBT5089L 

NF 

- 

3.0 

2.0 

dB 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

150 

Vdc 

Collector-Base Voltage 

VCBO 

160 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

500 

mAdc 


THERMAL CHARACTERISTICS 


*FR-5 = 1.0x0.75 x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


DEVICE MARKING 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 

1.8 

mW/°C 


Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj/ Tstg 

— 55 to +150 

X 


IVIIVIRT5401L 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 



HIGH VOLTAGE TRANSISTOR 

PNP SILICON 


MMBT5401L = 2L 


Refer to 2N5401 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol 1 Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

150 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

160 

_ 

Vdc 

dC = 100 AAdc, Ie = 0) 





Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 10 /iAdc, Ic = 0) 





Collector Cutoff Current 

•CBO 




(VcB = 120 Vdc, Ie = 0) 


— 

50 

nAdc 

(VcB = 120 Vdc, Ie = 0, Ta = 100X) 


— 

50 

/LtAdc 


ON CHARACTERISTICS 


DC Current Gain 

dC = 1.0 mAdc, VcE = 5.0 Vdc) 

(Ic = 10 mAdc, VcE = 5.0 Vdc) 
dC = 50 mAdc, Vce = 5.0 Vdc) 

hFE 

50 

60 

50 

240 


Collector-Emitter Saturation Voltage 

VCE(sat) 



Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 


— 

0.20 


dC = 50 mAdc, Ib = 5.0 mAdc) 


— 

0.5 


Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 


— 

1.0 


(Ic = 50 mAdc, Ib = 5.0 mAdc) 


— 

1.0 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, Vce = 10 Vdc, f = 100 MHz) 

fT 

100 

300 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Cobo 

— 

6.0 

PF 

Small Signal Current Gain 
dC = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 

hfe 

40 

200 

— 

Noise Figure 

dc = 200 /LiAdc, Vce = ^.O Vdc, Rs = 10 ohms, 
f = 10 Hz to 15.7 kHz) 

NF 


8.0 

dB 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 






MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

140 

Vdc 

Col lector- Base Voltage 

VCBO 

160 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

Vdc 

Collector Current — Continuous 

'C 

600 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R0JA 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25X 

Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R0JA 

417 

°C/W 

Junction and Storage Temperature 

Tj/ Tstg 

-55 to +150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBT5550L = IF; l\/IMBT5551L = G1 


IVIIVIBT5550L 

MIVIBTSSSIL 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 



2 Emitter 


HIGH VOLTAGE 
TRANSISTORS 

NPN SILICON 


Refer to 2N5550 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 1.0 mAdc, Ib = 0) 

MMBT5550L 

MMBT5551L 

V(BR)CEO 

140 

160 


Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dC = 100 /LtAdc, Ie = 0) 

MMBT5550L 


160 

— 



MMBT5551L 


180 

— 


Emitter-Base Breakdown Voltage 


V{BR)EBO 

6.0 

— 

Vdc 

(Ie = 10 ixAdc, Ic = 0) 






Collector Cutoff Current 


•CBO 




(VcB = 100 Vdc, Ie = 0) 

MMBT5550L 


— 

100 

nAdc 

(VcB = 120 Vdc, Ie = 0) 

MMBT5551L 


— 

50 


(VcB = 100 Vdc, Ie = 0, Ta = lOOX) 

MMBT5550L 


— 

100 

juAdc 

(VcB = 120 Vdc, Ie = 0, Ta = 100°C) 

MMBT5551L 


— 

50 


Emitter Cutoff Current 


'EBO 

— 

50 

nAdc 

(Veb = 4.0 Vdc, Ic = 0) 







ON CHARACTERISTICS(2) 


DC Current Gain 


hFE 



_ 

(Ic = 1.0 mAdc, VcE = 5.0 Vdc) 

l\/IMBT5550L 


60 

— 



MMBT5551L 


80 

— 


(Ic = 10 mAdc, VcE = 5.0 Vdc) 

MMBT5550L 


60 

250 



MMBT5551L 


80 

250 


dC = 50 mAdc, VcE = 5.0 Vdc) 

MMBT5550L 


20 

_ 



MMBT5551L 


30 

— 


Collector-Emitter Saturation Voltage 


VCE(sat) 



Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 

Both Types 

— 

0.15 


dC = 50 mAdc, Ib = 5.0 mAdc) 

MMBT5550L 


_ 

0.25 



MMBT5551L 


— 

0.20 


Base-Emitter Saturation Voltage 


VBE(sat) 



Vdc 

(Ic = 10 mAdc, Ib = 1.0 mAdc) 

Both Types 


— 

1.0 


dC = 50 mAdc, Ib = 5.0 mAdc) 

MMBT5550L 


_ 

1.2 



MMBT5551L 


— 

1.0 



(2) Pulse Test: Pulse Width = 300 fis, Duty Cycle = 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

vebo 

12 

Vdc 

Collector Current — Continuous 

>C 

500 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board/ 

Pd 

225 

mW 

Ta = 25°C 




Derate above 25°C 


1.8 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate/* Ta = 25°C 




Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R6»JA 

417 

°C/W 

Junction and Storage Temperature 

Tj. Tstg 

-55 to -f150 

X 


*FR-5 = 1.0x 0.75x 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBT6427L = IV 


IVIIVIBT6427L 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 


Collector 3 



DARLINGTON TRANSISTOR 

NPN SILICON 


Refer to 2N6426 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit^ 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 

dC = 10 mAdc, Vbe = 0) 

V(BR)CES 

40 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 100 AAdc, Ie = 0) 

V(BR)CBO 

40 

— 

Vdc 

Emitter-Base Breakdown Voltage 
dC = 10 AAdc, Ic = 0) 

V(BR)EBO 

12 

— 

Vdc 

Collector Cutoff Current 
(VcE = 25 Vdc, Ib = 0) 

'CEO 


1.0 

^Adc 

Collector Cutoff Current 
(VcB = 30 Vdc, Ie = 0) 

'CBO 

— 

50 

nAdc 

Emitter Cutoff Current 
(Vbe = 10 Vdc, Ic = 0) 

Iebo 

— 

50 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 10 mAdc, VcE = 5.0 Vdc) 
dC = 100 mAdc, VcE = 5.0 Vdc) 
dC = 500 mAdc, VcE = 5.0 Vdc) 

hFE 

10,000 

20,000 

14,000 

100,000 

200,000 

140,000 


Collector-Emitter Saturation Voltage 
dC = 50 mAdc, Ib = 0.5 mAdc) 
dC = 500 mAdc, Ib = 0.5 mAdc) 

VcE(sat)" 

- 

1.2 

1.5 

Vdc 

Base-Emitter Saturation Voltage 
dC = 500 mAdc, Ib = 0.5 mAdc) 

VBE(sat) 

— 

2.0 

Vdc 

Base-Emitter On Voltage 
dC = 50 mAdc, VcE = 5.0 Vdc) 

VBE(on) 

— 

1.75 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

^obo 

— 

7.0 

PF 

Input Capacitance 
(Vbe = 0.5, Ic = o,f = 1.0 mhz) 

Cibo 

— 

15 

pF 

Current Gain — High Frequency 
dC = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

|hfel 

1.3 

— 

Vdc 

Noise Figure 

dC = 1-0 mAdc, VcE = 5.0 Vdc, Rs = 100 kft, 
f = 1.0 kHz to 15.7 kHz) 

NF 


10 

dB 


*Pulse Test: Pulse Width = 300 /ots, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 


Rating 

— 

Symbol 

Value 

Unit 

MMBT6428L 

MMBT6429L 

Collector-Emitter Voltage 

VCEO 

50 

45 

Vdc 

Collector-Base Voltage 

VCBO 

60 

55 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

Vdc 

Collector Current — Continuous 

ic 

200 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 


225 

mW 

Ta = 25°C 

Derate above 25°C 

1.8 

mW/X 


Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 

2.4 

mW/X 


Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj/ Tstq 

- 55 to -t- 1 50 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBT6428L = IK; MMBT6429L = 1L 


IVIIVIBT6428L 

IVIIVIBT6429L 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 



2 Emitter 


AMPLIFIER TRANSISTORS 

NPN SILICON 


Refer to MPSA18 for graphs. 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc = 1.0 mAdc, Ib = 0) 
dc = 1.0 mAdc, Ib = 0) 

MMBT6428L 

MMBT6429L 

V(BR)CEO 

50 

45 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

(Ic = 0.1 mAdc, Ie = 0) 

MMBT6428L 


60 

— 


dc = 0.1 mAdc, Ie = 0) 

MMBT6429L 


55 

— 


Collector Cutoff Current 


ICEO 

— 

0.1 

fiAdic 

(VcE = 30 Vdc) 






Collector Cutoff Current 


ICBO 

— 

0.01 

/LtAdc 

(VcB = 30 Vdc, Ie = 0) 






Emitter Cutoff Current 


Iebo 

— 

0.01 

jjL Adc 

(Veb = 5.0 Vdc, Ic = 0) 







ON CHARACTERISTICS 


DC Current Gain 


hFE 



_ 

dc = 0.01 mAdc, VcE = 5.0 Vdc) 

MMBT6428L 


250 

— 



MMBT6429L 


500 

— 


dc = 0.1 mAdc, VcE = 5.0 Vdc) 

MMBT6428L 


250 

650 



MMBT6429L 


500 

1250 


dc = 1.0 mAdc, VcE = 5.0 Vdc) 

MMBT6428L 


250 

— 



MMBT6429L 


500 

— 


dc = 10 mAdc, VcE = 5.0 Vdc) 

MMBT6428L 


250 

— 



MMBT6429L 


500 

— 


Collector-Emitter Saturation Voltage 


VCE(sat) 



Vdc 

dc = 10 mAdc, Ib = 0.5 mAdc) 


— 

0.2 


dc = 100 mAdc, Ib = 5.0 mAdc) 



— 

0.6 


Base-Emitter On Voltage 


VBE(on) 

0.56 

0.66 

Vdc 

(Ic = 1-0 mAdc, VcE = 5.0 Vdc) 






SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 1.0 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

fr 

100 

700 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

^obo 


3.0 

pP 

Input Capacitance 

(Veb = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

^ibo 

1 

8.0 

1 

pF 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

350 

Vdc 

Collector-Base Voltage 

VCBO 

350 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Base Current 

•b 

250 

mA 

Collector Current — Continuous 

•c 

500 

mA 


THERMAL CHARACTERISTICS 



Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25X 


1.8 

mW/X 

Thermal Resistance Junction to Ambient 

R0JA 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R0JA 

417 

X/W 

Junction and Storage Temperature 

- Jj-i-Ist£L.. J 

- 55 to +150 

X 


*FR-5 = 1.0x0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBT6517L = 1Z 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dc = 1.0 mA) 

V(BR)CEO 

350 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

350 

— 

Vdc 

dc = 100 mA) 





Emitter-Base Breakdown Voltage 

V{BR)EBO 

6.0 

— 

Vdc 

dE = ^OtiA) 





Collector Cutoff Current 

'CBO 

— 

50 

nA 

(VcB = 250 V) 





Emitter Cutoff Current 

iebo 

— 

50 

nA 

(Veb - 5.0 V) 





ON CHARACTERISTICS 

DC Current Gain 

hFE 



— 

dc = 1.0 mA, VcE = 10 V) 


20 

— 


dc = 10 mA, VcE = 10 V) 


30 

— 


dc = 30 mA, VcE = 10 V) 


30 

200 


dc = 50 mA, VcE = 10 V) 


20 

200 


dc = 100 mA, VcE = 10 V) 


15 

— 


Collector-Emitter Saturation Voltage 

VcE(sat)* 



Vdc 

dc = 10 mA, Ib = 1.0 mA) 



0.30 


(IC = 20 mA, 10 = 2.0 mA) 


— 

0.35 


dc = 30 mA, Ib = 3.0 mA) 


— 

0.50 


dc = 50 mA, Ib = 5.0 mA) 


— 

1.0 


Base-Emitter Saturation Voltage 

VBEIsat) 



Vdc 

dc == 10 mA, Ib = 1.0 mA) 


— 

0.75 


dc = 20 mA, Ib == 2.0 mA) 


— 

0.85 


dc = 30 mA, Ib = 3.0 mA) 


— 

0.90 


Base-Emitter On Voltage 

VBEIon) 

— 

2.0 

Vdc 

dc = 100 mA, VcE = 10 V) 






SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 10 mA, VcE = 20 V, f = 20 MHz) 

^T 

40 

200 

MHz 

Collector-Base Capacitance 
(VcB = 20 V, f = 1.0 MHz) 

Ccb 

— 

6.0 

PF 

Emitter-Base Capacitance 
(Veb = 0.5 V, f = 1.0 MHz) 

^eb 

— 

80 

pF 


*Pulse Test; Pulse Width = 300 /xs, Duty Cycle = 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 







MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

350 

Vdc 

Collector-Base Voltage 

VCBO 

350 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Base Current 

Ib 

250 

mA 

Collector Current — Continuous 

ic 

500 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj^ Tstg 

- 55 to +150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBT6520L = 2Z 


IVIIVIBT6520L 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 


3 Collector 



HIGH VOLTAGE TRANSISTOR 

PNP SILICON 


Refer to 2N6520 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dC = 1.0 mA) 

V(BR)CEO 

350 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

350 

— 

Vdc 

dC = 100 aA) 





Emitter-Base Breakdown Voltage 

V{BR)EBO 

5.0 

— 

Vdc 

(Ie = 10 aA) 





Collector Cutoff Current 

ICBO 

— 

50 

nA 

(VcB = 250 V) 





Emitter Cutoff Current 

Iebo 

— 

50 

nA 

(Veb = 4.0 V) 





ON CHARACTERISTICS 

DC Current Gain 

hFE 



— 

dC = 1.0 mA, VcE = 10 V) ^ 


20 

— 


dC = 10 mA, VcE = 10 V) ! 


30 

— 


dC = 30 mA, VcE = 10 V) 


30 

200 


dC = 50 rnA, Vqe = 10 V) 


20 

200 


dC = 100 mA, VcE = 10 V) 


15 

— 


Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

dC = 10 mA, Ib = 1.0 mA) 


— 

0.30 


dC = 20 mA, Ib = 2.0 mA) 


— 

0.35 


dC = 30 mA, Ib = 3.0 mA) 


— 

0.50 


(IC = 50 mA, Ib = 5.0 mA) 


— 

1.0 


Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

dC = 10 mA, Ib = 1.0 mA) 


— 

0.75 


dc = 20 mA, Ib = 2.0 mA) 


— 

0.85 


dC = 30 mA, Ib = 3.0 mA) 


— 

0.90 


Base-Emitter On Voltage 

VBE(on) 

— 

2.0 

Vdc 

dc = 100 mA, VcE = 10 V) 






SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 10 mA, VcE = 20 V, f = 20 MHz) 

fT 

40 

200 

MHz 

Collector-Base Capacitance 
(VcB = 20 V, f = 1.0 MHz) 

^cb 

— 

6.0 

PF 

Emitter-Base Capacitance 
(Veb = 0.5 V,f = 1.0 MHz) 

Ceb 

1 

100 

PF 
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MAXIMUM RATINGS 


Rating 

Symbol 

MMBT8598L 

MMBT8599L 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

80 

V 

Collector-Base Voltage 

VCBO 

60 

80 

V 

Emitter-Base Voltage 

vebo 

5.0 

V 

Collector Current — Continuous 

ic 

500 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 

2.4 

mW/X 


Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj» Tstq 

- 55 to +150 

X 


*FR-5 = 1.0x0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBT8598L = 2K; MMBT8599L = 2W 


MMBT8598L 

IVIMBT8599L 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 



3 Collector 



2 Emitter 


GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 


Refer to 2N4125 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min | Max | Uni^ 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage! 1) 

MMBT8598L 

V(BR)CEO 

60 

— 

Vdc 

dC = 10 mAdc, Ie = 0) 

MMBT8599L 

80 

— 


Collector-Base Breakdown Voltage 

MMBT8598L 

V(BR)CBO 

60 

— 

Vdc 

dC = 100 ^Adc, Ie = 0) 

MMBT8599L 

80 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 10 /u-Adc, Ic = 0) 





Collector Cutoff Current 


•CBO 

— 

100 

nAdc 

(VcB = 20 Vdc, Ie = 0) 






Emitter Cutoff Current 


Iebo 

— 

100 

nAdc 

(Vbe = 3.0 Vdc, Ic = 0) 






ON CHARACTERISTICS 


DC Current Gain(1) 
dC = 1.0 mAdc, VcE = 5.0 Vdc) 
dC = 10 mAdc, VcE = 5.0 Vdc) 
dC = 100 mAdc, VcE = 5.0 Vdc) 

hFE 

100 

100 

75 

300 


Collector-Emitter Saturation Voltage(l) 

(Ic =100 mAdc, Ib = 5.0 mAdc) 

VcE(sat) 

— 

0.4 

Vdc 

Base-Emitter On Voltage(l) 

dC = 1.0 mAdc, VcE = 5.0 Vdc) MMBT8598L 

dC = 10 mAdc, Ib = 5.0 mAdc) MMBT8599L 

VBE(on) 

- 

0.7 

0.9 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 


150 

— 

MHz 

Input Capacitance 

(Vbe = 0*5 Vdc, Ic = 0, f = l.o MHz) 

Cibo 

— 

30 

pF 

Col lector- Base Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 

Ccb 

— 

4.5 

PF 


(1) Pulse Test: Pulse Width = 300 /xs. Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

MMBTA05L 

MMBTA06L 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

80 

Vdc 

Collector-Base Voltage 

VCBO 

60 

80 

Vdc 

Emitter-Base Voltage 

vebo 

4.0 

Vdc 

Collector Current — Continuous 

•c 

500 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 


225 

mW 

Ta = 25°C 




Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 




Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

^stg 

-55 to -1-150 

X 


*FR-5 = 1.0x0.75x 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBTA05L = 1H; MMBTA06L = 1G 


MMRTAOSL 

MIVIBTA06L 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 


3 Collector 



DRIVER TRANSISTORS 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit [ 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage! 1) 
dC = 1.0 mAdc, Ib = 0) 

MMBTA05L 

MMBTA06L 

V(BR)CEO 

60 

80 

- 

Vdc 

Emitter-Base Breakdown Voltage 


V(BR)EBO 

4.0 

— 

Vdc 

(Ie = 100 fiAdc, Ic = 0) 






Collector Cutoff Current 


'CEO 

_ 

0.1 

fxAdc 

(VcE = 60 Vdc, Ib = 0) 






Collector Cutoff Current 


•CBO 



IxAdc 

(VcB = 60 Vdc, Ie = 0) 

MMBTA05L 


— 

0.1 


(VcB = 80 Vdc, Ie = 0) 

MMBTA06L 


— 

0.1 



ON CHARACTERISTICS 


DC Current Gain I 

dC = 10 mAdc, VcE = 10 Vdc) , 

dC = 100 mAdc, VcE = 10 Vdc) 

hFE 

100 

100 

- 

— 

Collector-Emitter Saturation Voltage 
(Ic = 100 mAdc, Ib = 10 mAdc) 

VcE(sat) 

— 

0.25 

Vdc 

Base-Emitter On Voltage 
dC = 100 mAdc, VcE = 1-0 Vdc) 

VBE(on) 

1 

— 

1.2 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 

fT 

100 

_ 

MHz 

dC = 10 mA, VcE = 2.0 V, f = 100 MHz) 






(1) Pulse Test; Pulse Width ^ 300 ixs, Duty Cycle 2.0%. 

(2) fj is defined as the frequency at which |hfe| extrapolates to unity. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCES 

30 

Vdc 

Collector-Base Voltage 

VCBO 

30 

Vdc 

Emitter-Base Voltage 

Vebo 

10 

Vdc 

Collector Current — Continuous 

ic 

300 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25X 

Derate above 25°C 

1.8 

mW/X 


Thermal Resistance Junction to Ambient 

R0JA 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 

2.4 

mW/X 


Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tjr Tgtq 

- 55 to -1-150 

X 


*FR-5 = 1.0x 0.75x 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBTA13L = 1M; MMBTA14L - IN 


MMRTAISL 

MIVIBTA14L 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 


Collector 3 



DARLINGTON AMPLIFIER 
TRANSISTORS 

NPN SILICON 


Refer to 2N6426 for graphs. 


ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 

dC = 100/tAdc, Vbe = 0 ) 

V(BR)CES 

30 

— 

Vdc 

Collector Cutoff Current 
(VcB = 30 Vdc, Ie = 0) 

ICBO 


100 

nAdc 

Emitter Cutoff Current 
(Vbe = "lo Vdc, Ic = 0) 

Iebo 


100 

1 

nAdc 


ON CHARACTERISTICSd) 


DC Current Gain 
dC = 10 mAdc, VcE = 5.0 Vdc) 

MMBTA13L 

MMBTA14L 

hFE 

5000 

10,000 

- 


dC = 100 mAdc, VcE = 5.0 Vdc) 

MMBTA13L 

MMBTA14L 


10,000 

20,000 

- 


Collector-Emitter Saturation Voltage 
dC = 100 mAdc, Ib = 0.1 mAdc) 

VCE{sat) 

— 

1.5 

Vdc 

Base-Emitter On Voltage 
dC = 100 mAdc, VcE = 5.0 Vdc) 

Vbe 

— 

2.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 

fT 

125 

— 

MHz 

dC = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

1 





(1) Pulse Test: Pulse Width ^ 300 /is, Duty Cycle ^ 2.0%. 

(2) fj = jhfel • ftest- 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Emitter-Base Voltage 

vebo 

4.0 

Vdc 

Collector Current — Continuous 

ic 

100 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 

1.8 

mwrc 


Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj. Tgtg 

-55 to +150 

X 


*FR-5 = 1.0x0.75x0.062 In. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBTA20L = 1C 



ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 
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MAXIMUM RATINGS 


Rating 

Symbol 

MMBTA42L 

MIVIBTA43L 

Unit 

Collector-Emitter Voltage 

VCEO 

300 

200 

Vdc 

Collector-Base Voltage 

VCBO 

300 

200 

Vdc 

Emitter-Base Voltage 

vebo 

6.0 

6.0 

Vdc 

Collector Current — Continuous 

ic 

500 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 

1.8 

mwrc 


Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** T/\ = 25°C 

Derate above 25°C 

2.4 

mW/°C 


Thermal Resistance Junction to Ambient 

R0JA 

417 

°C/W 

Junction and Storage Temperature 

Tj» Tstq 

- 55 to -t- 1 50 

°C 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBTA42L = ID; MMBTA43L = IE 


MMBTA42L 

IVIMRTA43L 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 



2 Emitter 


HIGH VOLTAGE 
TRANSISTORS 

NPN SILICON 


Refer to MPSA42 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 
dC = 1.0 mAdc, Ib = 0) 

MMBTA42L 

MMBTA43L 

V(BR)CEO 

300 

200 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dC = 100 fiAdc, Ie = 0) 

MMBTA42L 


300 

— 



MMBTA43L 


200 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

6.0 

— 

Vdc 

dE = 100 /xAdc, Ic = 0) 






Collector Cutoff Current 


'CBO 



/liAdc 

(VcB = 200 Vdc, Ie = 0) 

MMBTA42L 


— 

0.1 


(VcB = 160 Vdc, Ie = 0) 

MMBTA43L 


— 

0.1 


Emitter Cutoff Current 


Iebo 



/nAdc 

(Vbe = 6.0 Vdc, Ic = 0) 

MMBTA42L 


— 

0.1 


(Vbe = 4.0 Vdc, Ic = 0) 

MMBTA43L 


— 

0.1 



ON CHARACTERISTICSd) 


DC Current Gain 
dC = 1.0 mAdc, VcE = 10 Vdc) 

(Ic = 10 mAdc, VcE = 10 Vdc) 

(Ic = 30 mAdc, VcE = 10 Vdc) 

Both Types 

Both Types 

MMBTA42L 

MMBTA43L 

hFE 

25 

40 

40 

40 

- 


Collector-Emitter Saturation Voltage 


VcE(sat) 



Vdc 

(Ic = 20 mAdc, Ib = 2.0 mAdc) 

MMBTA42L 


— 

0.5 



MMBTA43L 


— 

0.5 


Base-Emitter Saturation Voltage 


VBE(sat) 

— 

0.9 

Vdc 

(Ic = 20 mAdc, Ib = 2.0 mAdc) 







SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

fr 

50 

- 

MHz 

Collector-Base Capacitance 


Ccb 



PF 

(VcB = 20 Vdc, Ie = 0, f = 1.0 MHz) 

MMBTA42L 


— 

3.0 



MMBTA43L 


— 

4.0 



(1) Pulse Test: Pulse Width ^ 300 /xs, Duty Cycle 2.0%., 
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MAXIMUM RATINGS 


Rating 

Symbol 

MMBTA55L 

MMBTA56L 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

80 

Vdc 

Collector-Base Voltage 

VCBO 

60 

80 

Vdc 

Emitter-Base Voltage 

Vebo 

4.0 

Vdc 

Collector Current — Continuous 

'C 

500 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25°C 




Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

XA/V 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta =■ 25°C 




Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj/ Tstg 

— 55 to -1-150 

X 


*FR-5 = 1.0x 0.75x 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

[ MMBTA55L = 2H; MMBTA56L = 2G 


MMBTA55L 

IVIMBTA56L 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 

3 Collector 



DRIVER TRANSISTORS 

PNP SILICON 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min ]~ Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voitage(l) 
dc = 1.0 mAdc, Ib = 0) 

MMBTA55L 

MMBTA56L 

V(BR)CEO 

60 

80 

- 

Vdc 

Emitter-Base Breakdown Voltage 


V(BR)EBO 

4.0 

— 

Vdc 

(IE = 100 ixAdc, Ic = 0) 






Collector Cutoff Current 


'CEO 

_ 

0.1 

IxAdc 

(VcE = 60 Vdc, Ib = 0) 






Collector Cutoff Current 


'CBO 



IxAdc 

(VcB = 60 Vdc, Ie = 0) 

MMBTA55L 


— 

0.1 


(VcB = 80 Vdc, Ie = 0) 

MMBTA56L 


— 

0.1 



ON CHARACTERISTICS 


DC Current Gain 

dc = 10 mAdc, VcE = 10 Vdc) i 

dc = 100 mAdc, VcE = 1-0 Vdc) 

I^FE 

100 

100 

- 

— 

Collector-Emitter Saturation Voltage 
dc = 100 mAdc, Ib = 10 mAdc) 

VCE(sat) 

— 

0.25 

Vdc 

Base-Emitter On Voltage 
dc = 100 mAdc, VcE = 10 Vdc) 

VBE(on) 

— 

1.2 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 

fr 

50 

_ 

MHz 

dc = 100 mAdc, VcE = 10 Vdc, f = 100 MHz) 






(1) Pulse Test: Pulse Width < 300 /as, Duty Cycle ^ 2.0%. 

(2) fj is defined as the frequency at which |hfe| extrapolates to unity. 
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MAXIMUM RATINGS 


Rating 

Symboi 

Vaiue 

Unit 

Collector-Emitter Voltage 

VCES 

30 

Vdc 

Collector-Base Voltage 

VCBO 

30 

Vdc 

Emitter-Base Voltage 

Vebo 

10 

Vdc 

Collector Current — Continuous 

•c 

500 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 

1.8 

mW/°C 


Thermal Resistance Junction to Ambient 

R0JA 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 

2.4 

mW/°C 


Thermal Resistance Junction to Ambient 

R^ja 

417 

°C/W 

Junction and Storage Temperature 

Tj/ Tgtq 

-55 to +150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBTA63L = 2U; MMBTA64L = 2V 


IVIMSTA63L 

MMBTA64L 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 

Collector 3 



DARLINGTON TRANSISTORS 

PNP SILICON 


Refer to MPSA75 for graphs. 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symboi | Min [ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 100 ^Adc) 

V(BR)CES 

30 

~ 

Vdc 

Collector Cutoff Current 
(VcB = 30 Vdc) 

ICBO 

— 

100 

nAdc 

Emitter Cutoff Current 
(Vbe = 10 Vdc) 

Iebo 

— 

100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 

dC = 10 mAdc, VcE = 5.0 Vdc) MMBTA63L 

dC = 10 mAdc, VcE = 5.0 Vdc) MMBTA64L 

dC = 100 mAdc, VcE = 5.0 Vdc) MMBTA63L 

dC = 100 mAdc, VcE = 5.0 Vdc) MMBTA64L 

hpE 

5.000 

10.000 
10,000 
20,000 

- 


Collector-Emitter Saturation Voltage 
(Iq = 100 mAdc, Ib = 0.1 mAdc) 

VcE(sat) 

— 

1.5 

Vdc 

Base-Emitter On Voltage 
dc = 100 mAdc, VcE = 5.0 Vdc) 

VBE(on) 

— 

2.0 

Vdc 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product 
dc = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

fT 

125 

— 

MHz 


(1) Pulse Test: Pulse Width ^ 300 fxs, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

4.0 

Vdc 

Collector Current — Continuous 

ic 

100 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25X 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R0JA 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj.Tstq 

— 55 to -1-150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBTA70L = 2C 



ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit | 

OFF CHARACTERISTICS 
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MAXIMUM RATINGS 


Rating 

Symbol 

MMBTA92L 

MMBTA93L 

Unit 

Collector-Emitter Voltage 

VCEO 

300 

200 

Vdc 

Collector-Base Voltage 

VCBO 

300 

200 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

5.0 

Vdc 

Collector Current — Continuous 

ic 

500 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25X 

Derate above 25°C 


1.8 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R0JA 

417 

X/W 

Junction and Storage Temperature 

Tj» Tgtg 

— 55 to 4-150 

X 


*FR-5 = 1.0x0.75x 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBTA92L = 2D; MMBTA93L = 2E 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC =1.0 mAdc, Ib = 0) 

MMBTA92L 

MMBTA93L 

V(BR)CEO 

300 

200 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dC = 100 fiAdc, Ie = 0) 

MMBTA92L 


300 

— 



IVIMBTA93L 


200 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 100 AAdc, Ic = 0) 






Collector Cutoff Current 


'CBO 


— 

)uAdc 

(VcB = 200 Vdc, Ie = 0) 

MMBTA92L 




0.25 


(VcB = 160 Vdc, Ie = 0) 

MMBTA93L 


— 

0.25 


Emitter Cutoff Current 


•ebo 

_ 

0.1 

^Adc 

(Vbe = 3.0 Vdc, Ic = 0) 







ON CHARACTERISTICSd) 


DC Current Gain 
dC = 1.0 mAdc, VcE = 10 Vdc) 
dC = 10 mAdc, VcE = 10 Vdc) 

dC = 30 mAdc, VcE = 10 Vdc) 

Both Types 

Both Types 

MMBTA92L 

MMBTA93L 

hFE 

25 

40 

25 

25 

- 


Collector-Emitter Saturation Voltage 


VCE(sat) 



Vdc 

dC = 20 mAdc, Ib = 2.0 mAdc) 

MMBTA92L 


— 

0.5 



MMBTA93L 


— 

0.5 


Base-Emitter Saturation Voltage 


VBE(sat) 

— 

0.9 

Vdc 

dC = 20 mAdc, Ib = 2.0 mAdc) 







SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

fr 

50 

- 

MHz 

Collector-Base Capacitance 


Ccb 



PF 

(VcB = 20 Vdc, Ie = 0, f = 1.0 MHz) 

MMBTA92L 


— 

6.0 



MMBTA93L 


— 

8.0 



(1) Pulse Test: Pulse Width ^ 300 fis. Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

25 

Vdc 

Collector-Base Voltage 

VCBO 

30 

Vdc 

Emitter-Base Voltage 

vebo 

3.0 

Vdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 




Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 




Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj/ Tgtg 

— 55 to -1-150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBTH10L = 3E 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

25 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 100 /LiAdc, Ie = 0) 

V(BR)CBO 

30 

— 

Vdc 

Emitter-Base Breakdown Voltage 
dE = 10 ixAdc, Ic = 0) 

V(BR)EBO 

3.0 


Vdc 

Collector Cutoff Current 
(VcB = 25 Vdc, Ie = 0) 

'CBO 

— 

100 

nAdc 

Emitter Cutoff Current 
(Vbe = 2.0 Vdc, Ic = 0) 

•ebo 

— 

100 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
dC = 4.0 mAdc, Vqe = 10 Vdc) 

hFE 

60 

— 

— 

Collector-Emitter Saturation Voltage 
(Ic = 4.0 mAdc, Ib = 0.4 mAdc) 

VcE(sat) 

— 

0.5 

Vdc 

Base-Emitter On Voltage 
dC = 4.0 mAdc, VcE = 10 Vdc) 

Vbe 

— 

0.95 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 4.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 


650 

— 

MHz 

Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

^cb 

— 

0.7 

PF 

Common-Base Feedback Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Crb 

— 

0.65 

PF 

Collector Base Time Constant 

dC = 4.0 mAdc, Vcb = 10 Vdc, f = 31.8 MHz) | 

rb C^ 

— 

9.0 

ps 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

vebo 

4.0 

Vdc 

Collector Current — Continuous 

ic 

50 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/X 

Thermal Resistance Junction to Ambient 

R0JA 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25^ 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tjf Tstg 

- 55 to +150 

X 


*FR-5 = 1.0x0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

f MMBTH24L = 3A 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 

V{BR)CEO 

30 

— 

-- 

Vdc 

Collector-Base Breakdown Voltage 
dC = 100 /LtAdc, Ie = 0) 

V(BR)CB0 

40 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 /uAdc, Ic = 0) 

V(BR)EBO 

4.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 15 Vdc, Ie = 0) 

•CBO 

— 

— 

50 

nAdc 

ON CHARACTERISTICS 

DC Current Gain ^ 

dC = 8.0 mAdc, Vqe = 10 Vdc) 

hFE 

30 

— 

— 

— 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(l) 
dC = 8.0 mAdc, Vqe = 10 Vdc, f = 100 MHz) 

fT 

400 

620 

— 

MHz 

Collector-Base Capacitance 

Ccb 

— 

0.25 

0.45 

PF 

(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 






Conversion Gain 

— 




dB 

(213 MHz to 45 MHz) 






(Ic = 8.0 mAdc, Vcc = 20 Vdc, Oscillator Injection = 150 mVrms) 


19 

24 

— 


(60 MHz to 45 MHz) 






(Ic = 8.0 mAdc, Vcc = 20 Vdc, Oscillator Injection = 150 mVrms) 


24 

29 

— 



(1) Pulse Test; Pulse Width ^ 300 Duty Cycle ^ 2.0%, 
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• Designed for UHFA/HF Amplifier Applications 

• High Current Gain Bandwidth Product 
fj = 2000 MHz Min @ 10 mA 

MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

[ MMBTH69L = 3J 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dc = 1.0 mAdc, Ig = 0) 

V(BR)CEO 

15 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 10 ^lAdc, Ie = 0) 

V(BR)CBO 

15 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 fiAdc, Ic = 0) 

V(BR)EBO 

4 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 10 Vdc, Ie - 0) 

'CBO 

— 

1 

100 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
(Ic = 10 mAdc, VcE = 10 Vdc) 

hpE 

30 

— 

300 

— 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

fT 

2000 

— 

3 

MHz 

Collector-Base Capacitance 
(VcE = 10 Vdc, Ie = 0, f = 1.0 MHz) 

O^rb 

— 

— 

0.35 

PF 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 




Derate above 25^ 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 




Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R0JA 

417 

°C/W 

Junction and Storage Temperature 

Jj-Jsta ■■ 

- 55 to -1-150 

X 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

Vdc 

Collector-Base Voltage 

VCBO 

15 

Vdc 

Emitter-Base Voltage 

vebo 

4.0 

Vdc 
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2-249 










MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

20 

Vdc 

Collector-Base Voltage 

VCBO 

20 

Vdc 

Emitter-Base Voltage 

vebo 

3.0 

Vdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mw/°c 

Thermal Resistance Junction to Ambient 

R0JA 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj' ^stg 

-55 to -1-150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


DEVICE MARKING 

MMBTH81L = 3D 


MIVIBTHSIL 

CASE 318-03, STYLE 6 
SOT-23 (TO-236AB) 


3 Collector 



2 Emitter 


UHFA/HF TRANSISTOR 

PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 1 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

20 

— 


Vdc 

Collector-Base Breakdown Voltage 
dC = 10 AAdc, Ie = 0) 

V(BR)CBO 

20 

— 


Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 fjJKdc, Ic = 0) 

V(BR)EBO 

3.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 10 Vdc, Ie = 0) 

ICBO 

— 

— 

100 

nAdc 

Emitter Cutoff Current 
(Vbe = 2.0 Vdc, Ic = 0) 

•ebo 

— 

— 

100 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
dC = 5.0 mAdc, VcE = 10 Vdc) 

hFE 

60 

— 

— 

— 

Collector-Emitter Saturation Voltage 
dC = 5.0 mAdc, Ib = 0.5 mAdc) 

VcE(sat) 

— 

— 

0.5 

Vdc 

Base-Emitter On Voltage 
dC = 5.0 mAdc, Vqe = 10 Vdc) 

VBE(on) 

— 

— 

0.9 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 5.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

fr 

600 

— 

— 

MHz 

Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

^cb 

— 

— 

0.85 

PF 

Collector-Emitter Capacitance 
(Ib = 0, VcB = 10 Vdc, f = 1.0 MHz) 

Cce 

— 

1 

0.65 

PF 
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MAXIMUM RATINGS 


Rating 

Symbol 

MMPQ2222 

MMPQ2222A 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

40 

Vdc 

Collector-Base Voltage 

VCB 

60 

75 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

•c 

500 

mAdc 



Each 

Transistor 

Four 

Transistors 
Equal Power 


Total Power Dissipation @ T/^ = 25°C 
Derate above 25°C 

Pd 

0.52 

4.2 

1.0 

8.0 

Watts 

mW/°C 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

pd 

0.8 

6.4 

2.4 

19.2 

Watts 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj' Tstg 

-55 to -I- 150 

X 


IVIIVIPQ2222, A 

CASE 751B-03, STYLE 1 
SO-16 



QUAD 


GENERAL-PURPOSE 

TRANSISTORS 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (T^ ^ 25'’C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max [ Uni7 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

MMPQ2222 

V(BR)CEO 

30 

— 

— 

Vdc 

dc = 10 mAdc, Ib = 0) 

MMPQ2222A 

40 

— 

— 


Collector-Base Breakdown Voltage 

MMPQ2222 

V(BR)CBO 

60 

— 

— 

Vdc 

dc = 10)LtAdc, Ie = 0) 

MMPQ2222A 

75 

— 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

— 

Vdc 

(Ib = 10 /jtAdc, Iq = 0) 



— 

— 

— 


Collector Cutoff Current 


*CBO 




nAdc 

(VcB = 50 Vdc, Ie = 0) 

MMPQ2222 



— 

50 


(VcB = 60 Vdc, Ie = 0) 

MMPQ2222A 


— 

— 

10 


Emitter Cutoff Current 

MMPQ2222 

Iebo 

— 

_ 

50 

nAdc 

(Vbe = 3.0 Vdc, Ic = 0) 

MMPQ2222A 


— 

— 

10 



ON CHARACTERISTICS 


DC Current Gain{1) 


hpE 




— 

dc = 100 /iA, VcE = 10 V) 

MMPQ2222A 


35 

— 

— 


dc = 1.0 mA, VcE = 10 V) 

MMPQ2222A 


50 

— 

— 


dc = 10 mA, VcE = 10 V) 

MIVIPQ2222 


75 

— 

— 



MMPQ2222A 


75 

— 

— 


dc = 150 mA, VcE = 10 V) 

MMPQ2222 


100 

— 

— 



MMPQ2222A 


100 

— 

300 


dc = 300 mA, VcE = 10 V) 

MMPQ2222 


30 

— 

— 


dc = 500 mA, VcE = 10 V) 

MMPQ2222A 


40 

— 

— 


dc = 150 mA, VcE = 10 V) 

MMPQ2222A 


50 

— 

— 


Collector-Emitter Saturation Voltage(l) 


VCE(sat) 




Vdc 

(Ic = 150 mAdc, Ib = 15 mAdc) 

MMPQ2222 

— 

— 

0.4 



MMPQ2222A 


— 

— 

0.3 


(Ic = 300 mAdc, Ib = 30 mAdc) 

MMPQ2222 


— 

— 

1.6 


dc = 500 mAdc, Ib = 50 mAdc) 

MMPQ2222A 


— 

— 

1.0 


Base-Emitter Saturation Voltage(l) 


VBE(sat) 




Vdc 

dc = 150 mAdc, Ib = 15 mAdc) 

MMPQ2222 


— 

— 

1.3 



MMPQ2222A 


— 

— 

1.2 


(Ic = 300 mAdc, Ib = 30 mAdc) 

MMPQ2222 


— 

— 

2.6 


dc = 500 mAdc, Ib = 50 mAdc) 

MMPQ2222A 


— 

— 

2.0 



MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


2-251 





MMPQ2222, A 


ELECTRICAL CHARACTERISTICS (Continued) 

Characteristic | Symbol | Min | Typ | Max | Unit 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product(l) 
dC = 20 mAdc, Vqe = 20 Vdc, f = 100 MHz) 

fT 

— 

350 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Cob 

— 

4.5 

— 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 

Cib 

— 

17 

— 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 30 Vdc, VBE(off) = 0.5 Vdc, Ic = 150 mAdc, Ibi = 15 mAdc) 

Ion 

— 

25 

— 

ns 

Turn-Off Time 

(Vcc = 30 Vdc, Ic = 150 mAdc, Ibi = Ib 2 = 15 mAdc) 

toff 

— 

250 

i 

— 

ns 


(1) Pulse Test; Pulse Width ^ 300 /xs. Duty Cycle = 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS. FETs AND DIODES 





MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

Vdc 

Collector-Base Voltage 

VCB 

40 

Vdc 

Emitter-Base Voltage 

Veb 

4.5 

Vdc 

Collector Current — Continuous 

'C 

500 

mAdc 



Each 

Transistor 

Four 

Transistors 
Equal Power 


Total Power Dissipation @ Ta = 25°C 
Derate above 25°C 

pd 

0.4 

3.2 

0.72 

6.4 

Watts 

mW/°C 

Total Power Dissipation @ Tc = 25°C 
Derate above 25°C 

Pd 

0.66 

5.3 

1.92 

15.4 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tgtg 

-55 to -h150 

°C 


IVIIVIPQ2369 

CASE 751B-03, STYLE 1 
SO-16 


PIN CONNECTIONS 
DIAGRAM 



QUAD SWITCHING 
TRANSISTORS 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

15 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 10 iJiAdc, Ie = 0) 

V(BR)CBO 

40 


— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 /iAdc, Ic = 0) 

V(BR)EBO 

4.5 


— 

Vdc 

Collector Cutoff Current 
(VcB = 20 Vdc, Ie = 0) 

ICBO 

— 

— 

0.4 

ju-Adc 

Emitter Cutoff Current 
(Vbe = 3.0 Vdc, Ic = 0) 

•ebo 

— 

— 

0.5 

/xAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 

(Ic = 10 mAdc, VcE = 10 Vdc) 
dC = 100 mAdc, VcE = 2.0 Vdc) 

hPE 

40 

20 

- 

- 

— 

Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ib = 1.0 mAdc) 

VCE(sat) 

— 

— 

0.25 

Vdc 

Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 

VBE(sat) 

— 

— 

0.9 

1 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

fT 

450 

550 

— 

MHz 

Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 140 kHz) 

Cob 

— 

2.5 

4.0 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 140 kHz) 

Cib 

— 

3.0 

5.0 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 3.0 Vdc, VBE(off) = 1-5 Vdc, Ic = 10 mAdc, Ibi = 3.0 mAdc) 

Ion 

— 

9.0 

— 

ns 

Turn-Off Time 

(Vcc = 3.0 Vdc, Ic = 10 mAdc, Ibi = 3.0 mAdc, Ib 2 = 1-5 mAdc) 

toff 

— 

15 

— 

ns 


(1) Pulse Test: Pulse Width 300 ixs, Duty Cycle = 2.0%. 
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MAXIMUM RAT(N6S 


Rating 

Symbol 

MMPO2907 

iVIMPQ2907A 

Unit 

CollectOT-Emitter Voltage 

VcEO 

40 

60 

Vdc 

Collector-Base Vpitage 

VCB 

60 

— ^ 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

>C 

600 

mAdc 



Each 

Transistor 

Four 

Transistors 
Equal Power 


Total Power Dissipation @ Ta = 25°C 
Derate above 25°C 

Pd 

0.52 

4.2 

1.0 

8.0 

Watts 

mW/°C 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

0.8 

6.4 

2.4 

19.2 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-55 to +150 



°C 


MMPQ2907, A 

CASE 751B-03, STYLE 1 
SO-16 



PtN CONNECTIONS 



DIAGRAM 


E 

^r\ — 

1 

E 

J V — 

13 

E 

TVE 

13 

U 

E 

~r\> — 

13 

E 


U 

E 


13 

E. 

J 

U 


QUAD 
GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic ] Symbol | Min | Typ | Max | Unii7 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

MMPQ2907 

V(BR)CEO 

40 

— 

— 

Vdc 

(IC = 10 mAdc, Ig = 0) 

MMPQ2907A 

60 

— 

— 


Co Hector- Base Breakdown Voltage 


V(BR)CBO 

60 

— 

— 

Vdc 

(Iq = 10 /lAdc, Ig = 0) 







Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

— 

Vdc 

(Ig = 10 AiAdc, Ic = 0) 



— 


— 


Collector Cutoff Current 


ICBO 




nAdc 

(VcB = 30 Vdc, Ig = 0) 

MMPQ2907 


— 

— 

50 


(VcB = 50 Vdc, Ig = 0) 

MMPQ2907A 


— 

— 

10 


Emitter Cutoff Current 


Iebo 

— 

— 

50 

nAdc 

(VcB = 3.0 Vdc, Ic = 0) 








ON CHARACTERISTICS 


DC Current Gain(1) 


hPE 




— 

dC = 100 AAdc, VcE = 10 V) 

MMPQ2907A 


75 

— 

— 


dC = 1.0 mAdc, VcE = 10 V) 

MMPQ2907A 


100 

— 

— 


dC = 10 mAdc, VcE = 10 V) 

MMPQ2907/2907A 


75/100 

— 

— 


dC = 150 mAdc, VcE = 10 V) 

MMPQ2907/2907A 


100 

— 

300 


dC = 300 mAdc, VcE = 10 V) 

MMPQ2907/2907A 


30/50 

— 

— 


dC = 500 mAdc, Vqe = 10 V) 

MMPQ2907/2907A 


50 

— 

— 


Collector-Emitter Saturation Voltage(l) 


VcE(sat) 




Vdc 

(Ic = 150 mAdc, Ib = 15 mAdc) 

MMPQ2907 


— 

— 

0.4 


(Ic = 300 mAdc, Ig = 30 mAdc) 

MMPQ2907 


— 

— 

1.6 


(Ic = 500 mAdc, Ig = 50 mAdc) 

MMPQ2907A 


— 

— 

1.6 


Base-Emitter Saturation Voltage(l) 


VBE(sat) 



j 

Vdc 

dC = 150 mAdc, Ib = 15 mAdc) 

MMPQ2907 


— 

— 

1.3 


dC = 300 mAdc, Ig = 30 mAdc) 

MMPQ2907 


— 

— 

2.6 


(IC = 500 mAdc, Ig = 50 mAdc) 

MMPQ2907A 


— 

— 

2.6 
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MMPQ2907, A 


ELECTRICAL CHARACTERISTICS (Continued) 

Characteristic I Symbol | Min H Typ I Max 1 Unit 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product(l) 
dC = 50 mAdc, Vce = 20 Vdc, f = 100 MHz) 

fr 


350 


MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Cob 

— 

6.0 

— 

pF 

Input Capacitance 

(Vbe = 2.0 Vdc, Ic = 0, f = 100 kHz) 

Cib 

— 

20 

— 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 30 Vdc, Ic = 150 mAdc, Ibi = 15 mAdc) 

ton 

— 

30 

— 

ns 

Turn-Off Time 

(Vcc == 0 0 Vdc, Ic = 150 mAdc, Ibi = Ib 2 = 15 mAdc) 

toff 


100 

— 

ns 


(1) Pulse Test: Pulse Width ^ 300 /as, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCB 

40 

Vdc 

Emitter-Base Voltage 

veb 

5.0 

Vdc 

Collector Current — Continuous 

ic 

1.0 

mAdc 



Each 

Transistor 

Four 

Transistors 
Equal Power 


Power Dissipation @ T/^ = 25°C 

Derate above 25°C 

Pd 

0.52 

4.2 

1.2 

9.6 

Watts 

mW/°C 

Power Dissipation @ Tq = 25°C 

Derate above 25°C 

Pd 

1.0 

8.0 

2.5 

20 

Watts 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj/ Tstg 
1 

- 55 to +150 

X 


IVIIVIPQ3467 


CASE 751B-03, STYLE 1 
SO-16 



QUAD 

MEMORY DRIVER 
TRANSISTORS 



PNP SILICON 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 10 mAdc, 1 b = 0) 

V(BR)CEO 

40 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

40 

— 

— 

Vdc 

dC = 10 /tAdc, Ie = 0) 






Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

— 

Vdc 

(Ie = 10/AAdc, Ic = 0) 


— 

— 

— 


Collector Cutoff Current 

•CBO 

_ 

— 

200 

nAdc 

(VcB = 30 Vdc, Ie = 0) 






Emitter Cutoff Current 

Iebo 

— 

— 

200 

nAdc 

(Vbe = 3.0 Vdc, Ic = 0) 







ON CHARACTERISTICS 


DC Current Gain(1) 
dC = 500 mAdc, VcE = 10 Vdc) 

hpE 

20 

— 

— 

- 

Collector-Emitter Saturation Voltage(l) 

(Ic = 500 mAdc, Ib = 50 mAdc) 

VcE(sat) 

— 

0.23 

0.5 

Vdc 

Base-Emitter Saturation Voltage(l) 
dC = 500 mAdc, Ib = 50 mAdc) 

VBE(sat) 
i 

_ 

0.9 

1.2 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) 

fT 

— 

190 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

O^ob 

— 

10 

— 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 

Qb 

— 

55 

1 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

dC = 500 mAdc, Ibi = 50 mAdc) 

Ion 

— 

20 

— 

ns 

Turn-Off Time 

dC = 500 mAdc, Ibi = Ib 2 = ^0 mAdc) 

toff 

— 

60 

— 

ns 


(1) Pulse Test: Pulse Width ^ 300 /as. Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

MMPQ3725 

MMPQ3725A 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

50 

Vdc 

Collector-Emitter Voltage 

VCES 

60 

70 

Vdc 

Emitter-Base Voltage 

veb 

5.0 

Vdc 

Collector Current — Continuous 

ic 

1.0 

Adc 

Operating and Storage Junction 
Temperature Range 

7j/ Tstg 

— 55 to +150 

. X 



Each 

Transistor 

Four 

Transistors 
Equal Power 


Total Power Dissipation @ T^ = 25°C 
Derate above 25°C 

Pd 

0.6 

4.8 

I. 4 

II. 2 

Watts 

mW/X 

Power Dissipation @ Tc = 25°C 

Derate above 25°C 

Pd 

1.0 

8.0 

2.5 

2.0 

Watts 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj, Tgtg 

— 55 to +150 

X 


MIVIPQ3725, A 


CASE 751B-03, STYLE 1 
SO-16 



QUAD 

CORE DRIVER 
TRANSISTORS 



NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

MMPQ3725 

V(BR)CEO 

40 

— 

— 

Vdc 

dC = 10 mAdc, Ib = 0) 

MMPQ3725A 

50 

— 

— ■ 


Collector-Base Breakdown Voltage 

MI\/IPQ3725 

V(BR)CES 

60 

— 

— 

Vdc 

dC = 100 /xAdc, Vbe = 0) 

MMPQ3725A 

70 

— 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

— 

Vdc 

(Ie = 10 AtAdc, Ic = 0) 



— 

— 

— 


Collector Cutoff Current 


ICBO 

— 

— 

0.5 

)u,Adc 

(VcB = 40 Vdc, Ie = 0) 








ON CHARACTERISTICS! 1) 


DC Current Gain 

dC = 100 mAdc, VcE = 10 Vdc) MMPQ3725 

MMPQ3725A 

dc = 500 mAdc, Vqe = 2.0 Vdc) MMPQ3725 

MMPQ3725A 

hpE 

35 

40 

25 

30 

75 

80 

45 

50 

200 


Collector-Emitter Saturation Voltage 
dc = 500 mAdc, Ib = 50 mAdc) 

VcE(sat) 

— 

0.32 

0.45 

Vdc 

Base-Emitter Saturation Voltage 
dc = 500 mAdc, Ib = 50 mAdc) 

VBE(sat) 

0.8 

0.9 

1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product MMPQ3725 

dc = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) MMPQ3725A 

^T 



275 

250 



MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

^ob 

— 

5.1 

— 

pF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 

Qb 

— 

62 

— 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Ic = 500 mAdc, Ibi = 50 mAdc, VBE(off) = 3.8 Vdc) 

ton 

— 

20 

— 

ns 

Turn-Off Time 

(Ic = 500 mAdc, Ibi = Ib 2 = 30 mAdc) 

toff 

— 

50 

— 

ns 


(1) Pulse Test: Pulse Width 300 /xs, Duty Cycle 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCB 

40 

Vdc 

Emitter-Base Voltage 

veb 

5.0 

Vdc 

Collector Current — Continuous 

ic 

1.5 

mAdc 



Each 

Transistor 

Four 

Transistors 
Equal Power 


Power Dissipation @ Ta = 25°C 

Derate above 25°C 

pd 

0.6 

4.8 

1.4 

11 

Watts 

mW/°C 

Power Dissipation @ Tq = 25°C 

Derate above 25°C 

pd 

1.0 

8.0 

2.5 

20 

Watts 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj, Tgtg 

— 55 to -1-150 



°C 


MMPQ3762 


CASE 751B-03, STYLE 1 

SO-16 

PIN CONNECTIONS 
DIAGRAM 



QUAD ^ 
MEMORY DRIVER 
TRANSISTORS 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

40 

— 

— 

Vdc 

Co Hector- Base Breakdown Voltage 

V(BR)CBO 

40 

— 


Vdc 

dC = 10 AAdc, Ie = 0) 






Emitter-Base Breakdown Voltage 

V{BR)EBO 

5.0 

— 

— 

Vdc 

(Ie = 10 /xAdc, Ic = 0) 


— 

— 

— 


Collector Cutoff Current 

'CBO 

_ 

— 

100 

nAdc 

(VcB = 30 Vdc, Ie = 0) 






Emitter Cutoff Current 

Iebo 

_ 

— 

100 

nAdc 

(Vbe = 3.0 Vdc, Ic = 0) 







ON CHARACTERISTICSd) 


DC Current Gain 

dc = 150 mAdc, Vce = 10 Vdc) 
dC = 500 mAdc, Vce = 2.0 Vdc) 
dc = 1.0 Adc, Vce = 2.0 Vdc) 

hpE 

35 

30 

20 

70 

65 

35 

- 


Collector-Emitter Saturation Voltage 

VCE(sat) 




Vdc 

dc = 500 mAdc, Ib = 50 mAdc) 


_ 

0.3 

0.55 


dc = 1.0 Adc, Ib = 100 mAdc) 


— 

0.6 

0.9 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

(Ic = 500 mAdc, Ib = 50 mAdc) 


— 

0.9 

1.25 


(Ic = 1.0 Adc, Ib = 100 mAdc) 


— 

1.0 

1.4 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product(l) 
dc = 50 mAdc, Vce = 10 Vdc, f = 100 MHz) 

fr 

— 

275 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Cob 

— 

9.0 

— 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 

Cib 

— 

55 

— 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 30 Vdc, Ic = 1.0 Adc, Ibi = 100 mAdc, VBE(off) == 2.0 Vdc) 

^on 


25 

__ 

ns 

Turn-Off Time 

(Vcc = 30 Vdc, Ic = 1.0 Adc, Ibi = Ib 2 = 100 mAdc) 

toff 

— 

60 

i 

— 

ns 


(1) Pulse Test: Pulse Width 300 /xs. Duty Cycle 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCB 

60 

Vdc 

Emitter-Base Voltage 

Veb 

6.0 

Vdc 

Collector Current — Continuous 

'c 

200 

mAdc 



Each 

Transistor 

Four 

Transistors 
Equal Power 


Total Power Dissipation @ Ta = 25°C 
Derate above 25°C 

Pd 

0.4 

3.2 

0.72 

6.4 

Watts 

mW/°C 

Total Power Dissipation (® Tc = 25°C 
Derate above 25°C 

Pd 

0.66 

5.3 

1.92 

15.4 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj. Tstg 

1 

- 55 to -1-150 

X 


IVIIVIPQ3904 

CASE 751B-03, STYLE 1 
SO-16 



QUAD 
AMPLIFIER/SWITCH 
TRANSISTORS 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

40 


— 

Vdc 

Collector-Base Breakdown Voltage 

V{BR)CBO 

60 

— 

— 

Vdc 

dC = 10 ;aAdc, 1 e = 0) 






Emitter-Base Breakdown Voltage 

V(BR)EBO 

6.0 

— 

— 

Vdc 

(Ie = 10 AAdc, Ic = 0) 


— 

— 

— 


Collector Cutoff Current 

•CBO 

— 

_ 

50 

nAdc 

(VcB = 40 Vdc, Ie = 0) 






Emitter Cutoff Current 

Iebo 

— 


50 

nAdc 

(Vbe = 4.0 Vdc, Ic = 0) 







ON CHARACTERISTICSd) 


DC Current Gain 
dC = 0.1 mAdc, VcE = 1-0 Vdc) 

(Ic = 1.0 mAdc, VcE l O Vdc) 
dC = 10 mAdc, VcE = l-O Vdc) 

hpE 

30 

50 

75 

90 

160 

200 



Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ib = 1.0 mAdc) 

VCE(sat) 

— 

0.1 

0.2 

Vdc 

Base-Emitter Saturation Voltage 
(IC = 10 mAdc, Ib = 1.0 mAdc) 

VBE(sat) ! 


0.65 

0.85 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

fr 

250 

300 

— 

MHz 

Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 140 kHz) 

Cob 

— 

2.0 

4.0 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 140 kHz) 

Cib 

_ 

4.0 

8.0 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

dC = 10 Vdc, VBE(off) = 0.5 Vdc, Ibi = 1.0 mAdc) 

^on 

— 

37 

— 

ns 

Turn-Off Time 

(IC = 10 mAdc, Ibi = Ib 2 = '^■0 mAdc) 

toff 

— 

136 

— 

ns 


(1) Pulse Test: Pulse Width ^ 300 fis, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCB 

40 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

•c 

200 

mAdc 



Each 

Transistor 

Four 

Transistors 
Equal Power 


Power Dissipation @ = 25°C 

Derate above 25°C 

Pd 

0.4 

3.2 

0.72 

6.4 

Watts 

mW/°C 

Power Dissipation @ Tq = 25°C 

Derate above 25°C 

Pd 

0.66 

5.3 

1.92 

15.4 

Watts 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj» Tgtg 

— 55 to +150 

X 


IVIIVIPQ3906 

CASE 751B-03, STYLE 1 
SO-16 


QUAD 
AMPLIFIER/SWITCH 
TRANSISTORS 

PNP SILICON 



[I 


D 

E 

J V- — 

T] 

[I 

[I 


T3] 

[I 

n 


n\ 

ID 

11 

E 


ID 

n 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dc = 1-0 mAdc, Ib = 0) 

V{BR)CEO 

40 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

40 

— 

— 

Vdc 

dc = lO/iAdc, Ie = 0) 






Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

— 

Vdc 

(Ie = 10/LiAdc, Ic = 0) 


— 

— 

— 


Collector Cutoff Current 

ICBO 

— 

— 

50 

nAdc 

(VcB = 30 Vdc, Ie = 0) 






Emitter Cutoff Current 

Iebo 

— 

— 

50 

nAdc 

(Vbe = 4.0 Vdc, Ic = 0) 







ON CHARACTERISTICSd) 


DC Current Gain 

dc = 0.1 mAdc, VcE = 1.0 Vdc) 
dc = 1.0 mAdc, VcE = 10 Vdc) 
dc = 10 mAdc, VcE = 1.0 Vdc) 

^^FE 

40 

60 

75 

160 

180 

200 

- 


Collector-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 1.0 mAdc) 

VCE(sat) 

— 

0.1 

0.25 

Vdc 

Base-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 1.0 mAdc) 

VBE(sat) 

— 

0.65 

0.85 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

fr 

200 

250 

— 

MHz 

Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 140 kHz) 

Cob 

— 

3.3 

4.5 

pF 

Input Capacitance 

(Vbe = 0.5 Vdc, ic = 0, f = 140 kHz) 

Cib 

— 

4.8 

10 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

dc = 10 mAdc, VBE(off) = 0.5 Vdc, Ibi = 10 mAdc) 

Ion 

_ 

43 

— 

ns 

Turn-Off Time 

dc = 10 mAdc, Ibi = Ib 2 = 10 mAdc) 

toff 

— 

155 

— 

ns 


(1) Pulse Test; Pulse Width ^ 300 /xs, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCB 

40 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

ic 

200 

mAdc 



Each 

Transistor 

Four 

Transistors 
Equal Power 


Total Power Dissipation @ Ta = 25°C 
Derate above 25°C 

pd 

0.4 

3.2 

0.72 

6.4 

Watts 

mW/°C 

Total Power Dissipation @ Tc = 25°C 
Derate above 25°C 

pd 

0.66 

5.3 

1.92 

15.4 

Watts 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

- 55 to -M 50 

°C 


IVIMPQ6700 

CASE 751B-03, STYLE 1 
SO-16 


QUAD 
COMPLEMENTARY PAIR 
TRANSISTORS 

PNP/NPN SILICON 




ELECTRICAL CHARACTERISTICS (Ta - 25°C unless otherwise noted.) 



Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

40 

_ 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

40 

_ 

Vdc 

dC = lO/xAdc, Ie = 

0) 





Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 10 /lAdc, Ic = 

0) 





Collector Cutoff Current 

'CBO 

— 

50 

nAdc 

(VcB = 30 Vdc, Ie = 

0) 





Emitter Cutoff Current 


Iebo 

— 

50 

nAdc 

(Veb = 4.0 Vdc, Ic = 

0) 





ON CHARACTERISTICS! 1) 

DC Current Gain 


hpE 



_ 

(Ic = 0.1 mAdc, Vce 

= 1.0 Vdc) 


30 



(Ic = 1.0 mAdc, Vce 

= 1.0 Vdc) 


50 

— 


(Ic = 10 mAdc, Vce 

= 1.0 Vdc) 


70 

— 


Collector-Emitter Saturation Voltage 

VcE(sat) 

— 

0.25 

Vdc 

dC = 10 mAdc, Ib = 

1.0 mAdc) 





Base-Emitter Saturation Voltage 

VBE(sat) 


0.9 

Vdc 

(Ic = 10 mAdc, Ib = 

1.0 mAdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product(l) 
dC = 10 mAdc, Vce = 20 Vdc, f = 100 MHz) 

fT 

200 

— 

MHz 

Output Capacitance 

^ob 

— 

4.5 

PF 

(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 





Input Capacitance 

Cib 



PF 

(Veb = 0-5 Vdc, Ic = 0, f = 100 kHz) PNP 


— 

10 


NPN 


— 

8.0 



(1) Pulse Test: Pulse Width ^ 300 /as, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Collector-Base Voltage 

VCB 

30 

Vdc 

Emitter-Base Voltage 

Veb 

4.0 

Vdc 

Collector Current — Continuous 

'c 

200 

mAdc 



Each 

Transistor 

Four 

Transistors 
Equal Power 


Total Power Dissipation @ Ta = 25°C 
Derate above 25°C 

Pd 

0.4 

3.2 

0.72 

6.4 

Watts 

mW/X 

Total Power Dissipation @ Tc = 25°C 
Derate above 25°C 

Pd 

0.66 

5.3 

1.92 

15.4 

Watts 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj/ Tgtg 

- 55 to +150 

X 


MIVIPQ6842 

CASE 751B-03, STYLE 1 
SO-16 


QUAD 
MPU CLOCK BUFFER 
TRANSISTORS 

PNP/NPN SILICON 



F 

>IN CONNECTIONS 
DIAGRAM 

E 

E 

Evi: 

E 

1] 

E 

E 


ID 

E 

E] 

E 


E 

ID 

E 

E 


E 

E 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voitage(l) 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

30 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 10 /xAdc, Ie = 0) 

V(BR)CBO 

30 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 fiAdc, Ic = 0) 

V(BR)EBO 

4.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 20 Vdc, Ie = 0) 

'CBO 

— 

— 

50 

nAdc 

Emitter Cutoff Current 
(Veb = 3.0 Vdc, Ic = 0) 

'ebo 

— 

— 

50 

nAdc 


ON CHARACTERISTICS(I) 


DC Current Gain 

dC = 0.5 mAdc, Vqe = 10 Vdc) 
dC = 1.0 mAdc, VcE = 10 Vdc) 

dC = 10 mAdc, VcE = 1.0 Vdc) 

hpE 

30 

50 

70 

- 

- 


Collector-Emitter Saturation Voltage 
dC = 0.5 mAdc, Ib = 0.05 mAdc, OX ^ T ^ 70X) 

VcE(sat) 

— 

0.05 

0.15 

Vdc 

Base-Emitter Saturation Voltage 
dC = 0.5 mAdc, Ib = 0.05 mAdc) 

VBE(sat) 

— 

0.65 

0.9 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product(l) 
dC = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

fr 

200 

350 

— 

MHz 

Output Capacitance 

Cob 

_ 

3.0 

4.5 

PF 

(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 






Input Capacitance 

Cib 




PF 

(Veb = 0.5 Vdc, Ic = 0, f = 100 kHz) PNP 


— 

5.0 

10 


NPN 



4.0 

8.0 



SWITCHING CHARACTERISTICS (Ta = 25°C, Vgc = 5.0 Vdc) 


Propagation Delay Time 
(50% Points TP1 to TP3) 

(50% Points TP2 to TP4) 

tPLH 

tPHL 


15 

6.0 

25 

15 

ns 

Rise Time 

(0.3 V to 4.7 V, TP3 or TP4) 

tr 

5.0 

25 

35 

ns 

Fall Time 

(4.7 V to 0.3 V, TP3 or TP4) 

tf 

5.0 

10 

20 

ns 


(1) Pulse Test: Pulse Width ^ 300 /xs. Duty Cycle 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 





HIGH VOLTAGE SILICON PIN DIODE 

. designed primarily for VHF band switching applications but also 
suitable for use in general-purpose switching and attenuator cir- 
cuits. Supplied in a cost effective TO-92 type plastic package for 
economical, high-volume consumer and industrial requirements. 

• Long Reverse Recovery Time 

trr = 300 ns (Typ) 

• Rugged PIN Structure Coupled with Wirebond Construction 

for Optimum Reliability 

• Low Series Resistance (g) 100 MHz — 

RS = 0 7 Ohms (Typ) @ Ip = 10 mAdc 

• Sturdy TO-92 Type Package for Handling Ease 

• Reverse Breakdown Voltage = 200 V (Mm) 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

200 

Volts 

Forward Power Dissipation @ Ta = 25°C 

Pf 

400 

mW 

Derate above 25°C 


4.0 

mW/°C 

Junction Temperature 

Tj 

-F125 

°C 

Storage Temperature Range 

^stg 

-65 to -F150 

°C 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 
(Ir - 10 fiA) 

V(BR)R 

200 

— 

— 

Volts 

Diode Capacitance (Note 1) 

(Vr = 20 Vdc, f = 1.0 MHz) 

Ct 

— 

— 

1.0 

pF 

Series Resistance (Figure 5) 

(Ip = 10 mA) 

Rs 

— 

0.4 

1.0 

Ohms 

Reverse Leakage Current 
(Vr = 150 Vdc) 

•r 

— 

— 

0.1 

IxA 

Reverse Recovery Time 
(Ip = Ir = 10 mA) 

trr 

— 

300 

— 

ns 


NOTE: 

1. Cj is measured using a capacitance bridge (Boonton Electronics Model 75A or equivalent). 



TYPICAL ELECTRICAL CHARACTERISTICS 

FIGURE 2 - FORWARD VOLTAGE 


700 
<600 
1500 
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Ip, FORWARD CURRENT (mA) 


0 8 0 9 

Vp, FORWARD VOLTAGE (VOLTS) 
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MPN3700 


FIGURE 3 - DIODE CAPACITANCE 
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Vr, reverse voltage (VOLTS) 
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Ta, AMBIENT TEMPERATURE {°C) 


FIGURE 5 - FORWARD SERIES RESISTANCE TEST METHOD 


10 pF 

Hf- 


Boonton 

Model 33A or B 


All measurements @ 100 MHz 


500 n 


A 

B 

T 


OUT Power Supply 


■=■ For test fixture, leads should 
be as short as possible 


To measure series resistance, a 10 pF capacitor is used to reduce 
the forward capacitance of the circuit and to prevent shorting of 
the external power supply through the bridge The small signal 
from the bridge is prevented from shorting through the power 
supply by the 500-ohm resistor The resistance of the 10 pF ca- 
pacitor can be considered negligible for this measurement 
1 The RF Admittance Bridge (Boonton 33A or B) must be ini- 
tially balanced, with the test circuit connected to the bridge 
test terminals The conductance scale will be set at zero 
and the capacitance scale will be set at 120 pF, as required 
when using the 100 MFIz test coil 


2 Use a short length of wire to short the test circuit from point 
"A" to "B" Then connect the power supply providing 10 mA 
of bias current to the test circuit 

3 Adjust the capacitance scale arm of the bridge and the "G " 
zero control for a minimum null on the "null meter” The 
null occurs at approximately 130 pF 

4 Replace the wire short with the device to be tested. Bias 
the device to a forward conductance state of 10 mA 

5 Obtain a minimum null on the "null meter", with the ca- 
pacitance and conductance scale adjustment arms 

6 Read conductance (G) direct from the scale Now read the 
capacitance value from the scale (~130 pF) and subtract 
120 pF which yields capacitance (C) The forward resistance 
(Rs) can now be calculated from 

Rs 

Where 

G — in micromhos, 

C — m pF, 

Rs — in ohms 


2 533 G 
C2 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

Vdc 

Collector Current — Continuous 

ic 

50 

mAdc 


Each 

Transistor 

Four 

Transistors 
Equal Power 


Total Device Dissipation 
@ Ta = 25°C(1) 

Derate above 25°C 

Pd 

500 

4.0 

900 

7.2 

mW 

mW/°C 

Total Device Dissipation 
@ Tc = 25°C 

Derate above 25°C 

pd 

0.825 

6.7 

2.4 

19.2 

Watts 

rnW/X 

Operating and Storage Junction 
Temperature Range 

Tj, Tgtg 

-55 to -f 150 

°C 


(1) Second Breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 


IVIPQ2483 

IVIPQ2484 


CASE 646-06, STYLE 1 
TO-116 



1 2 3 4 5 6 7 


QUAD 

AMPLIFIER TRANSISTORS 

NPN SILICON 


Refer to 2N2919 for graphs. 


THERMAL CHARACTERISTICS 


Characteristic 

Junction to 
Case 

Junction to 
Ambient 

Unit 

Thermal Resistance Each Die 

151 

250 

X/W 

Effective, 4 Die 

52 

134 

x/w 

Coupling Factors Q1-Q4 or Q2-Q3 

34 

70 

% 

Q1-Q2 or Q3-Q4 

2.0 

26 

% 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

40 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
(Ic = 10 fiAdc, Ie = 0) 

V(BR)CBO 

60 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 ^Adc, Ic = 0) 

V(BR)EBO 

6.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 45 Vdc, Ie = 0) 

ICBO 

— 

— 

20 

nAdc 

Emitter Cutoff Current 
(Vbe = 3.0 Vdc, Ic = 0) 

Iebo 

1 

— 

— 

20 

nAdc 


ON CHARACTERISTICS 


DC Current Gain(2) 
dC = 0.1 mAdc, VcE = 5.0 Vdc) 

dC = 1.0 mAdc, VcE = 5.0 Vdc) 

dC = 10 mAdc, VcE = 5.0 Vdc) 

MPQ2483 

MPQ2484 

MPQ2483 

MPQ2484 

MPQ2483 

MPQ2484 

hpE 

100 

200 

150 

300 

150 

300 


- 


Collector-Emitter Saturation Voltage 


VCE(sat) 




Vdc 

dC = 1.0 mAdc, Ib = 0.1 mAdc) 



— 

0.13 

0.35 


dC = 10 mAdc, Ib = 1.0 mAdc) 



— 

0.15 

0.5 


Base-Emitter Saturation Voltage(2) 


VBE(sat) 




Vdc 

dC = 100 AAdc, VcE = 5.0 Vdc) 

j 


— 

0.58 

0.7 1 


dC = 10 mAdc, VcE = 5.0 Vdc) 



— 

0.70 

0.8 
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MPQ2483, MPQ2484 


ELECTRICAL CHARACTERISTICS (continued) (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Typ | Max | Unit 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 500 /lAdc, VcE = 5.0 Vdc, f = 20 MHz) 


50 

100 

— 

MHz 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

o 

o 

— 

4.0 

8.0 

PF 

Collector-Base Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 

Ccb 

— 

1.8 

6.0 

pF 

Noise Figure 

dC = 10 ixAdc, VcE = 5.0 Vdc, Rs = 10 kohms, MPQ2483 

f = 10 Hz to 15.7 kHz, BW = 10 kHz) MPQ2484 

NF 

- 

3.0 

2.0 

- 

dB 


(2) Pulse Test: Pulse Width « 300 jxs, Duty Cycle « 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

'c 

1.0 

Adc 




Four 




Each 

Transistors 




Transistor 

Equal Power 


Total Device Dissipation 

Pd 




@Ta = 25°C(1) 


650 

1500 

mW 

Derate above 25°C 


5.2 

12 

mW/X 

Total Device Dissipation 

pd 




@ Tc = 25°C 


1.25 

3.2 

Watts 

Derate above 25°C 


10 

25.6 

mW/°C 

Operating and Storage Junction 

7j» Tstg 

-55 to -I- 150 

X 

Temperature Range 





(1) Second Breakdown occurs at power levels greater than 2 times the power 
dissipation rating. 


THERMAL CHARACTERISTICS 


Characteristic 

Rfljc 

Junction to 
Case 

RflJA 

Junction to 
Ambient 

Unit 

Thermal Resistance Each Die 

100 

193 

X/W 

Effective, 4 Die 

39 

83.2 

x/w 

Coupling Factors Q1-Q4 or Q2-Q3 

45 

55 

% 

Q1-Q2 or Q3-Q4 

5.0 

10 

% 


MPQ3467 


CASE 646-06, STYLE 1 
TO-116 



1 2 3 4 5 6 7 


QUAD 

MEMORY DRIVER TRANSISTORS 

PNP SILICON 


Refer to MD3467 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 

(Ic = 10 mAdc, Ib = 0) 

V(BR)CEO 

40 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 10 AtAdc, Ie = 0) 

V(BR)CBO 

40 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 fxAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

— , 

Vdc 

Collector Cutoff Current 
(VcB = 30 Vdc, Ie = 0) 

'CBO 

— 

— 

200 

nAdc 

Emitter Cutoff Current 
(Vbe = 3.0 Vdc, Ic = 0) 

Iebo 

— 

— 

200 

nAdc 

ON CHARACTERISTICS 

DC Current Gain(2) 
dC = 500 mAdc, VcE = 10 Vdc) 

hpE 

20 

— 

— 

— 

Collector-Emitter Saturation Voltage(2) 
dC = 500 mAdc, Ib = 50 mAdc) 

VCE(sat) 

— 

0.23 

0.5 

Vdc 

Base-Emitter Saturation Voltage(2) 

(Ic = 500 mAdc, Ib = 50 mAdc) 1 

VBE(sat) 



0.90 

1.2 



Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) 

fr 

125 

190 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

— 

10 

25 

PF 

Input Capacitance 

(Vbe = 0-5 Vdc, Ic = 0, f = 100 kHz) 

Cibo 

— 

55 

80 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Ic = 500 mAdc, Ibi = 50 mAdc) 

Ion 

— 

— 

40 

ns 

Turn-Off Time 

dC = 500 mAdc, Ibi = Ib 2 = 50 mAdc) 

toff 

— 

— 

90 

ns 


(2) Pulse Test: Pulse Width 300 fj^s, Duty Cycle 2.0%. 
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MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 

MPQ3725 

MPQ3725A 

V(BR)CEO 

40 

50 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage 


V(BR)CES 




Vdc 

dC = 100 fiAdc, Vbe = 0) 

MPQ3725 


60 

— 

— 



MPQ3725A 


70 

— 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

— 

Vdc 

(Ie = 10 fiMc, Ic = 0) 







Collector Cutoff Current 


ICBO 

— 

— 

0.5 

/iAdc 

(VcB = 40 Vdc, Ie = 0) 








ON CHARACTERISTICS(2) 


DC Current Gain 

dC = 100 mAdc, VcE = 1-0 Vdc) 

dC = 500 mAdc, Vqe = 2.0 Vdc) 

MPQ3725 

MPQ3725A 

MPQ3725 

MPQ3725A 

hPE 

35 

40 

25 

30 

75 

80 

45 

50 

200 


Collector-Emitter Saturation Voltage 
dC = 500 mAdc, Ib = 50 mAdc) 


VCE(sat) 

— 

0.32 

0.45 

Vdc 

Base-Emitter Saturation Voltage 
dC = 500 mAdc, Ib = 50 mAdc) 


VBE(sat) 

0.8 

0.9 

1.0 

Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, Vqe = 10 Vdc, f = 100 MHz) MPQ3725 

MPQ3725A 


250 

200 

275 

250 

- 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

^obo 

— 

5.1 

10 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = lOO kHz) 

^ibo 

— 

62 

80 

PF 


Characteristics 

Symbol 

Max 

Unit 


One 

Transistor 

Effective 
For Four 
Transistors 


Thermal Resistance, 

Junction to Ambient(l) 

R0JA 

125 

50 

°C/W 


(1) R^ja is measured with the device soldered into a typical printed circuit board. 


Rating 

Symbol 

MPQ3725 

MPQ3725A 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

50 

Vdc 

Collector-Emitter Voltage 

VCES 

60 

70 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

•c 

1.0 

Adc 


One 

Transistor 

Four 

Transistors 

Equal 

Power 


Total Device Dissipation 
@ Ta = 25“C 

Derate above 25°C 

Pd 

1.0 

8.0 

2.5 

20 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj/ Tstg 

- 55 to +150 

°C 


IVIPQ3725, A 

CASE 646-06, STYLE 1 
TO-116 



14 13 12 11 10 9 


[P>J w 

NPN 

, fVl 


1 2 3 4 5 6 7 

QUAD 

CORE DRIVER TRANSISTORS 

NPN SILICON 

Refer to MD3725 for graphs. 
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MPQ3725, A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

SWiTCHING CHARACTERISTICS 


Turn-On Time 

(Iq = 500 mAdc, Ibi = 50 mAdc, VBE(off) = 3.8 Vdc) 

Ion 

— 

20 

35 

ns 

Turn-Off Time 

dC = 500 mAdc, Ibi = Ib2 = 50 mAdc) 

toff 

— 

50 

60 

ns 


(2) Pulse Test: Pulse Width < 300 /as. Duty Cycle =s 2.0%. 


FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 



Duty Cycle ^ 2 0% 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

1.5 

Adc 


Each 

Transistor 

Four 

Transistors 
Equal Power 


Total Device Dissipation 
@ Ta = 25°C 

Derate above 25°C 

Pd 

750 

5.98 

1700 

13.6 

mW 

mWrC 

Total Device Dissipation 
@ Tc = 25°C 

Derate above 25'’C 

Pd 

1.25 

10 

3.2 

25.6 

Watts 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj/ Tstg 

- 55 to +150 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Junction to 
Case 

Junction to 
Ambient 

Unit 

Thermal Resistance(l) Each Die 

100 

167 

X/W 

Effective, 4 Die 

39 

73.5 

x/w 

Coupling Factors Q1-Q4orQ2-Q3 

46 

56 

% 

Q1-Q2orQ3-Q4 

5.0 

10 

% 


(1) RgjA is measured with the device soldered into a typical printed circuit board. 


MPQ3762 


CASE 646-06, STYLE 1 
TO-116 





TO 


QUAD 

MEMORY DRIVER TRANSISTORS 

PNP SILICON 


Refer to MD3467 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 1 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 

V(BR)CE0 

40 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

40 

_ 

— 

Vdc 

dC = 10 /xAdc, Ie = 0) 






Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

— 

Vdc 

dE = 10 AAdc, Ic = 0) 






Collector Cutoff Current 

ICBO 

— 


100 

nAdc 

(VcB = 30 Vdc, lE = 0) 






Emitter Cutoff Current 

iebo 

— 

— 

100 

nAdc 

(Veb = 3.0 Vdc, Ic = 0) 






ON CHARACTERISTICS(2) 

DC Current Gain 

hpE 




— 

dC = 150 mAdc, VcE = 10 Vdc) 


35 

70 

— 


dC = 500 mAdc, VcE = 2.0 Vdc) 


30 

65 

— 


dC = 1.0 Adc, VcE = 2.0 Vdc) 


20 

35 

— 


Collector-Emitter Saturation Voltage 

VcE(sat) 




Vdc 

dC = 500 mAdc, Ib = 50 mAdc) 


— 

0.3 

0.55 


dC = 1.0 Adc, Ib = 100 mAdc) 


— 

0.6 

0.9 


Base-Emitter Saturation Voltage 

VBEIsat) 




Vdc 

dC = 500 mAdc, Ib = 50 mAdc) 


— 

0.9 

1.25 


dC = 1.0 Adc, Ib = 100 mAdc) 


— 

1.0 

1.4 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) 


150 

275 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

— 

9.0 

15 

PF 

Input Capacitance 

(Veb = 0.5 Vdc, Ic = 0, f = 100 kHz) 

^ibo 

1 

55 

80 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 30 Vdc, Ic = 1.0 Adc, Ibi = 100 mAdc, VBE(off) = 2.0 Vdc) 

Ion 

— 

— 

50 

ns 

Turn-Off Time 

(Vcc = 30 Vdc, Ic = 1.0 Adc, Ibi = Ib 2 = 100 mAdc) 

toff 

— 

— 

120 

ns 


(2) Pulse Test: Pulse Width < 300 ^s, Duty Cycle ^ 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 








MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
2-271 




MAXIMUM RATINGS 


Rating 

Symbol 

MPQ3798 

MPQ3799 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

60 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

50 

mAdc 


Each 

Transistor 

Four 

Transistors 
Equal Power 


Total Device Dissipation 
@Ta = 25°C(1) 

Derate above 25°C 

Pd 

0.5 

4.0 

0.9 

7.2 

Watt 

mW/°C 

Total Device Dissipation 
@ Tc = 25X 

Derate above 25°C 

Pd 

0.825 

6.7 

2.4 

19.2 

Watts 

m/°C 

Operating and Storage Junction 
Temperature Range 

Tj* Tstg 

-55 to +150 

°C 


(1) Second breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 


THERMAL CHARACTERISTICS 


Characteristic 

R0JC 

Junction to 
Case 

RflJA 

Junction to 
Ambient 

Unit 

Thermal Resistance Each Die 

151 

250 

°C/W 

Effective, 4 Die 

52 

139 

x/w 

Coupling Factors Q1-Q4 or Q2-Q3 

34 

70 

% 

Q1-Q2 or Q3-Q4 

2.0 

26 

% 


IVIPQ3798 

MPQ3799 


CASE 646-06, STYLE 1 
TO-116 




QUAD 

AMPLIFIER TRANSISTORS 

PNP SILICON 


Refer to 2N3810 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) MPQ3798 

MPQ3799 

V(BR)CEO 

40 

60 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
dC = 10 /uAdc, Ie = 0) 

V{BR)CBO 

60 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 /iAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 50 Vdc, Ie = 0) 

ICBO 

— 

— 

10 

nAdc 

Emitter Cutoff Current 
(Vbe = 3.0 Vdc, Ic = 0) 

Iebo 

— 

— 

20 

nAdc 


ON CHARACTERISTICS(2) 


DC Current Gain 
dC = 10 fxAdc, VcE = 5.0 Vdc) 

dC = 100 fjiAdic, VcE = 5.0 Vdc) 

dC = 500 iiAdc, VcE = 5.0 Vdc) 

dC = 10 mAdc, VcE = 5.0 Vdc) 

MPQ3798 

MPQ3799 

MPQ3798 

MPQ3799 

MPQ3798 

MPQ3799 

MPQ3798 

MPQ3799 

hpE 

100 

225 

150 

300 

150 

300 

125 

250 

- 

- 


Collector-Emitter Saturation Voltage 


VCE(sat) 




Vdc 

dC = 100 ^Adc, Ib = 10 /nAdc) 



— 

0.12 

0.2 


(Ic = 1.0 mAdc, Ib = 100 /nAdc) 



— 

0.07 

0.25 


Base-Emitter Saturation Voltage 


VBE(sat) 




Vdc 

dC = 100 /nAdc, Ib = 10 /nAdc) 



— 

0.62 

0.7 


dC =1.0 mAdc, Ib = 100 /nAdc) 



— 

0.68 

0.8 
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MPQ3798, MPQ3799 


ELECTRICAL CHARACTERISTICS (continued) (T/\ = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min | Typ | Max | Unit | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 1.0 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 


60 

250 

— 

MHz 

Output Capacitance 

(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) , 

Cobo 

— 

2.1 

4.0 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 

Cibo 

— 

5.5 

8.0 

PF 

Noise Figure 

dC = 100 fiAdc, VcE = 10 Vdc, Rs = 3.0 kohms, MPQ3798 

f = 10 Hz to 15.7 kHz) MPQ3799 

NF 

- 

2.5 

1.5 

- 

dB 


(2) Pulse Test: Pulse Width ^ 300 fis, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

vebo 

6.0 

Vdc 

Collector Current — Continuous 

ic 

200 

mAdc 




Four 




Each 

Transistors 




Transistor 

Equal Power 


Total Device Dissipation 

Pd 




@ Ta = 25°C 


500 

900 

mW 

Derate above 25°C 


4.0 

7.2 

mW/°C 

Total Device Dissipation 

Pd 




@ Tc = 25°C 


825 

2.4 

Watts 

Derate above 25°C 


6.7 

19.2 

mW/°C 

Operating and Storage Junction 

Tj/ Tstg 

-55 to +150 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Junction to 
Case 

Junction to 
Ambient 

Unit 

Thermal Resistance Each Die 

151 

250 

X/W 

Effective, 4 Die 

52 

139 

x/w 

Coupling Factors Q1-Q4 or Q2-Q3 

34 

70 

% 

Q1-Q2 or Q3-Q4 

2.0 

26 

% 


IVIPQ3904 


CASE 646-06, STYLE 1 
TO-116 



14 13 12 11 10 9 

, n . n 



QUAD 

AMPLIFIER SWITCHING 
TRANSISTORS 


NPN SILICON 


Refer to 2N3904 for graphs. 


ELECTRICAL CHARACTERISTICS (T>\ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

40 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 10 /iAdc, Ie = 0) 

V(BR)CBO 

60 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 fiAdc, Ic = 0) 

V(BR)EBO 

6.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 40 Vdc, Ie = 0) 

ICBO 

— 

— 

50 

nAdc 

Emitter Cutoff Current 
(Vbe = 40 Vdc, Ic = 0) 

Iebo 

— 

— 

50 

nAdc 


ON CHARACTERISTICS(I) 


DC Current Gain 

dC = 0.1 mAdc, VcE = 1-0 Vdc) 
dC = 1.0 mAdc, VcE = 10 Vdc) 
dC = 10 mAdc, VcE = 10 Vdc) 

hpE 

30 

50 

75 

90 

160 

200 

- 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ib = 1.0 mAdc) 

VCE(sat) 

— 

0.1 

0.2 

Vdc 

Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 

VBE(sat) 

1 

— 

0.65 

0.85 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

It 

250 

300 

— 

MHz 

Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 140 kHz) 

Cobo 

— 

2.0 

4.0 

PF 

Input Capacitance 

(Vbe = 0-5 Vdc, Ic = 0, f = 140 kHz) 

Cibo 

— 

4.0 

8.0 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

dC = 10 mAdc, Vbe = 0-5 Vdc, Ibi = 1.0 mAdc) 

Ion 

— 

37 

— 

ns 

Turn-Off Time 

dC = 10 mAdc, Ibi = Ib 2 = 10 mAdc) 

toff 

— 

136 

— 

ns 


(1) Pulse Test: Pulse Width ^ 300 fis, Duty Cycle 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 







MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

200 

mAdc 




Four 




Each 

Transistors 




Transistor 

Equal Power 


Total Device Dissipation 

Pd 




@ Ta = 25°C 


500 

900 

mW 

Derate above 25°C 


4.0 

7.2 

mW/°C 

Total Device Dissipation 

Pd 




@ Tc = 25°C 


825 

2.4 

Watts 

Derate above 25°C 


6.7 

19.2 

mW/°C 

Operating and Storage Junction 

7j/ Tstg 

-55 to +150 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Junction to 
Case 

Junction to 
Ambient 

Unit 

Thermal Resistance Each Die 

151 

250 

X/W 

Effective, 4 Die 

52 

139 

x/w 

Coupling Factors Q1-Q4 or Q2-Q3 

34 

70 

% 

Q1-Q2 or Q3-Q4 

2.0 

26 

% 


MPQ3906 

CASE 646-06, STYLE 1 
TO-116 



raw 

PNP 

rvn rvi 


u o tjT-a""iir ~i: j 

1 2 3 4 5 6 7 

QUAD 

AMPLIFIER SWITCHING 
TRANSISTORS 

PNP SILICON 


Refer to 2N3906 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min | Typ | Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

40 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
dc = 10 /uAdc, Ie = 0) 

V(BR)CBO 

40 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 /uAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 30 Vdc, Ie = 0) 

ICBO 

— 

— 

50 

nAdc 

Emitter Cutoff Current 
(Vbe = 4.0 Vdc, Ic = 0) 

Iebo 

i 

— 

— 

50 

nAdc 


ON CHARACTERISTICS(I) 


DC Current Gain 

dc = 0.1 mAdc, VcE = 1-0 Vdc) 

(Ic = 1.0 mAdc, VcE = 1*0 Vdc) 
dc = 10 mAdc, VcE = 1-0 Vdc) 

hpE 

40 

60 

75 

160 

180 

200 

- 


Collector-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 1.0 mAdc) 

VCE(sat) 

— 

0.1 

0.25 

Vdc 

Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ib = 1.0 mAdc) 

VBE(sat) 

1 

0.65 

.0.85 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

fr 

200 

250 

— 

MHz 

Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 140 kHz) 

^obo 

— 

3.3 

4.5 

PF 

Input Capacitance 

(Vbe = 0-5 Vdc, Ic = 0, f = 140 kHz) 

Cibo 

— 

4.8 

10 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

dc = 10 mAdc, VBE(off) = 0-5 Vdc, Ibi = 1.0 mAdc) 

ton 

— 

43 

— 

ns 

Turn-Off Time 

dc = 10 mAdc, Ibi = Ib 2 = l O mAdc) 

toff 

i 

155 

— 

ns 


(1) Pulse Test: Pulse Width ^ 300 /us. Duty Cycle 2.0%. 
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MPQ3906 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

500 

mAdc 




Four 




Each 

Transistors 




Transistor 

Equal Power 


Total Device Dissipation 

Pd 




@Ta = 25°C(1) 




Watts 

MPQ6001, MPQ6002, MPQ6501, 
MPQ6502 


0.65 

1.25 


Derate above 25^ 




mW/°C 

M PQ600 1 . M PQ6002, M PQ650 1 . 
MPQ6502 


5.18 

10 


Total Device Dissipation 

Pd 




@ Tc = 25°C 




Watts 

MPQ6001, MPQ6002, MPQ6501, 
MPQ6502 


1.0 

3.0 


Derate above 25°C 




mW/°C 

MPQ6001, MPQ6002, MPQ6501, 
MPQ6502 


8.0 

24 


Operating and Storage Junction 

Tjr Tgtg 

-55 to +150 

X 

Temperature Range 





IVIPQ6001 

IVIPQ6002 

STYLE 1 

IVIPQ6501 

MPQ6502 


STYLE 2 
CASE 646-06 
TO-116 



QUAD 

COMPLEMENTARY PAIR 
TRANSISTORS 


NPN/PNP SILICON 


THERMAL CHARACTERISTICS 



Characteristic 

Junction to 
Case 

Junction to 
Ambient 

Unit 

Thermal Resistance 

Each Die 

MPQ6001, MPQ6002, MPQ6501, MPQ6502 

125 

193 

X/W 

Effective, 4 Die 

MPQ6001, MPQ6002, MPQ6501, MPQ6502 

41.6 

100 


Coupling Factors 

Q1-Q4 or Q2-Q3 

MPQ6001, MPQ6002, MPQ6501, MPQ6502 

30 

60 

% 

Q1-Q2 or Q3-Q4 

MPQ6001, MPQ6002, MPQ6501, MPQ6502 

20 

24 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) (Iq = 10 mAdc, Ib = 0) 

V(BR)CEO 

30 

— 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 10 /xAdc, Ie = 0) 

V(BR)CBO 

60 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 10 ^Adc, Iq = 0) 

V(BR)EBO 

5.0 

— 

— 

Vdc 

Collector Cutoff Current (VcB = 50 Vdc, Ie = 0) 

'CBO 

— 

— 

30 

nAdc 

Emitter Cutoff Current (Veb = 3.0 Vdc, Iq = 0) 

Iebo 

- 

- 

30 

nAdc 


ON CHARACTERISTICS 


DC Current Gain(2) 


hpE 




_ 

dC = 1.0 mAdc, VcE = 10 Vdc) 

MPQ6001, MPQ6501 


25 

— 

— 


MPQ6002, MPQ6502 


50 

— 

— 


dC = 10 mAdc, VcE = 10 Vdc) 

MPQ6001, MPQ6501 


35 







MPQ6002, MPQ6502 


75 

— 

— 


dC = 150 mAdc, Vqe = 10 Vdc) 

MPQ6001, MPQ6501 


40 






MPQ6002, MPQ6502 


100 

— 

— 


dC = 300 mAdc, Vqe = 10 Vdc) 

MPQ6001, MPQ6501 


20 






MPQ6002, MPQ6502 


30 

— 

— 
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MPQ6001, MPQ6002, MPQ6501, MPQ6502 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic Symbol 

Collector-Emitter Saturation Voltage(2) VcE(sat) 

dc = 150 mAdc, Ib = 15 mAdc) 

dC = 300 mAdc, Ib = 30 mAdc) 

Base-Emitter Saturation Voltage(2) ^BEisat) 

dc - 150 mAdc, Ib = 15 mAdc) 

dc = 300 mAdc, Ib = 30 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product(2) fj 

dc = 50 mAdc, VcE = 20 Vdc, f = 100 MHz) 

Output Capacitance (^obo 

(VcB = 10 Vdc, Ie = 0, f = 100 kHz) PNP 


Input Capacitance Cj^o 

(Veb = 2.0 Vdc, Ic = 0, f = 100 kHz) PNP 

NPN 

SWITCHING CHARACTERISTICS 

Turn-On Time ton 

(Vcc = 30 Vdc, Vbe = 0.5 Vdc, Ic = 150 mAdc, 

Ibi = 15 mAdc, Figure 1) 

Turn-Off Time toff 

(Vcc = 30 Vdc, Ic = 150 mAdc, 

Ibi = Ib 2 = "IS mAdc) 

(1) Second Breakdown occurs at power levels greater than 3 times the power dissipation rating. 

(2) Pulse Test: Pulse Width ^ 300 /jls, Duty Cycle 2.0%. 



VBE(sat) 

- 

- 

1.3 

2.0 



fT 

200 

350 

— 

PNP 

NPN 

Cobo 

- 

6.0 

4.5 

8.0 

8.0 

PNP 

NPN 

Cibo 

- 

20 

17 

30 

30 



Ion 


30 



toff 


225 



NPN DATA 

FIGURE 1 — NORMALIZED DC CURRENT GAIN 


VCE = 1.0 V 

_ VcE = 10V 



Ic, COLLECTOR CURRENT (mA) 


FIGURE 2 — "ON" VOLTAGES 


FIGURE 3 — TEMPERATURE COEFFICIENTS 




Ic, COLLECTOR CURRENT (mA) 


1C,C0LLECT0R CURRENT (mA) 
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NF, NOISE FIGURE (dB) 


MPQ6001, MPQ6002, MPQ6501, MPQ6502 


NOISE FIGURE 

(VcE = lOVdc. Ta = 25°C) 


FIGURE 4 — FREQUENCY EFFECTS 


FIGURE 5 — SOURCE RESISTANCE EFFECTS 




0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 

RS, SOURCE RESISTANCE (k OHMS) 
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MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


Refer to MHQ3798 for PNP Curves. 


(1) R^a is measured with the device soldered into a typical printed circuit board. 


Characteristic 

Junction to 
Case 

Junction to 
Ambient 

Unit 

Thermal Resistance! 1) Each Die 

151 

250 

X/W 

Effective, 4 Die 

52 

139 

°c/w 

Coupling Factors Q1-Q4 or Q2-Q3 

34 

70 

% 

Q1-Q2 or Q3-Q4 

2.0 

26 

% 


Rating 

Symbol 

MPQ6100 

MPQ6600 

MPQ6100A 

MPQ6600A 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

45 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

50 

mAdc 


Each 

Transistor 

Four 

Transistors 
Equal Power 


Total Device Dissipation 
@ Ta = 25°C 

Derate above 25°C 

Pd 

500 

4.0 

900 

7.2 

mW 

mW/X 

Total Device Dissipation 
@ Tc = 25X 

Derate above 25X 

Pd 

0.825 

6.7 

2.4 

19.2 

Watts 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj/ Tstg 

- 55 to +150 

X 


MPQ6100, A 

STYLE 1 

MPQ6600, A 

STYLE 2 
CASE 646-06 
TO-116 



□ U U U U U LJ 
1 2 3 4 5 6 7 

QUAD COMPLEMENTARY PAIR 
TRANSISTORS 

NPN/PNP SILICON 


Refer to MHQ2483 for NPN Curves. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) MPQ61 00,6600 

MPQ6100A,6600A 

V(BR)CEO 

40 

45 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
dC = 10 AtAdc, Ie = 0) 

V(BR)CBO 

60 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 fiAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 50 Vdc, Ie = 0) 

•CBO 

— 

— 

10 

nAdc 


ON CHARACTERISTICS(2) 


DC Current Gain 
dC = 100 AAdc, VcE = 5.0 Vdc) 

dC = 500 Mdc, VcE = 5.0 Vdc) 

dC = 1.0 mAdc, VcE = 5.0 Vdc) 

dC = 10 mAdc, VcE = 5.0 Vdc) 

MPQ61 00,6600 
MPQ6100A,6600A 

MPQ6 100,6600 
MPQ6100A,6600A 

MPQ61 00,6600 
MPQ6100A,6600A 

MPQ6 100,6600 
MPQ6100A,6600A 

hFE 

50 

100 

75 

150 

75 

150 

60 

125 

- 

- 


Collector-Emitter Saturation Voltage 
dC = 1.0 mAdc, Ib = 100 /iAdc) 


VCE{sat) 

— 

— 

0.25 

Vdc 

Base-Emitter Saturation Voltage 
dC = 1.0 mAdc, Ib = 100 ^lAdc) 


VBE(sat) 

— 

— 

0.8 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 500 ixAdc, VcE = 5.0 Vdc, f = 20 MHz) 

fT 

50 

— 

— 

MHz 

Output Capacitance 


Cobo 




PF 

(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 

PNP 


— 

1.2 

4.0 



NPN 


— 

1.8 

4.0 
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MPQ6100, A, MPQ6600, A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) PNP 

NPN 

Cibo 

- 

- 

8.0 

8.0 

PF 

Noise Figure 

dC = 100 /uAdc, VcE = 5.0 Vdc, Rs = 10 kohms. 
f = 10 Hz to 15.7 kHz, BW = 10 kHz) 

NF 


4.0 


dB 


(2) Pulse Test; Pulse Width ^ 300 /xs. Duty Cycle 2.0%. 
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2 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 



Vdc 

MPQ6426 


30 


MPQ6427 


40 


Collector-Base Voltage 

VCBO 



Vdc 

MPQ6426 


40 


MPQ6427 


50 


Emitter-Base Voltage 

Vebo 

12 

Vdc 

Collector Current — Continuous 

'c 

500 

mAdc 




Four Die 




Each Die 

Equal Power 


Total Device Dissipation 

Pd 




@Ta = 25°C(1) 


500 

900 

mW 

Derate above 25°C 


4.0 

7.2 

mW/X 

Total Device Dissipation 

Pd 




@ Tc = 25°C 


825 

2400 

mW 

Derate above 25X 


6.7 

19.2 

mW/X 

Operating and Storage Junction 

Tj/ Tstg 

— 55 to +150 

X 

Temperature Range 





(1) Second Breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 


THERMAL CHARACTERISTICS 


Characteristic 

Junction to 
Case 

Junction to 
Ambient 

Unit 

Thermal Resistance Each Die 

151 

250 

X/W 

Effective, 4 Die 

52 

139 

x/w 

Coupling Factors Q1-Q4orQ2-Q3 

34 

70 

% 

Q1-Q2 or Q3-Q4 

2.0 

26 

% 


MPQ6426 

IVIPQ6427 


CASE 646-06, STYLE 1 
TO-116 



1 2 3 4 5 6 7 


QUAD 

DARLINGTON TRANSISTORS 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max 1 Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 

MPQ6426 

MPQ6427 

V(BR)CEO 

30 

40 

- 

Vdc 

Collector-Base Breakdown Voltage 
dC = 100 /lAdc, Ie = 0) 

MPQ6426 

MPQ6427 

V(BR)CBO 

40 

50 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 /uAdc, Ic = 0) 


V(BR)EBO 

12 

— 

Vdc 

Collector Cutoff Current 
(VcB = 30 Vdc, Ie = 0) 


ICBO 

— 

100 

nAdc 

Emitter Cutoff Current 
(Vbe = 10 Vdc, Ic = 0) 


>EBO 

— 

100 

nAdc 


ON CHARACTERISTICS(2) 


DC Current Gain 
dC = 10 mAdc, VcE = 5.0 Vdc) 
dC =100 mAdc, VcE = 5.0 Vdc) 

hPE 

5000 

10,000 

- 

— 

Collector-Emitter Saturation Voltage 
dC = 100 mAdc, Ib = 0.1 mAdc) 

VCE(sat) 

— 

1.5 

Vdc 

Base-Emitter On Voltage 
dC = 100 mAdc, VcE = 5.0 Vdc) 

VBE(on) 

— 

2.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

fy 

125 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

^obo 

— 

8.0 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 

o 

ja 

6 

— 

15 

PF 


(2) Pulse Test: Pulse Width ^ 300 as. Duty Cycle 2.0%. 
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MPQ6501, MPQ6502 For Specifications, See MPQ6001 Data 
MPQ6600,A For Specifications, See MPQ6100,A Data. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

'C 

200 

mAdc 


Each 

Transistor 

Four 

Transistors 
Equal Power 


Total Device Dissipation 
@Ta = 25°C(1) 

Derate above 25°C 

Pd 

500 

4.0 

900 

7.2 

mW 

mW/X 

Total Device Dissipation 
@ Tc = 25°C 

Derate above 25°C 

Pd 

825 

6.7 

2400 

19.2 

mW 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj. Tgtg 

-55 to +150 

X 


(1) Second breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 

THERMAL CHARACTERISTICS 


MPQ6700 

CASE 646-06, STYLE 1 
TO-116 



14 13 12 11 10 

JOri 


LAj 

Complimentry 

^ m 


it] ill LJ □" 

1 2 3 4 5 6 7 

QUAD 

COMPLEMENTARY PAIR 
TRANSISTORS 

NPN/PNP SILICON 


Characteristic 

Junction to 
Case 

Junction to 
Ambient 

Unit 

Thermal Resistance Each Die 

151 

250 

X/W 

Effective, 4 Die 

52 

139 

x/w 

Coupling Factors Q1-Q4 or Q2-Q3 

34 

70 

% 

Q1-Q2 or Q3-Q4 

2.0 

26 

% 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 



Characteristic 

Symbol 

Min 

Max 

Unit 1 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

40 

— 

Vdc 

Collector-Base Breakdown Voltage 

V{BR)CBO 

40 

— 

Vdc 

dC = 10 ^lAdc, Ie = 

0) 





Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 10 /iAdc, Ic = 

0) 





Collector Cutoff Current 

ICBO 

— 

50 

nAdc 

(VcB = 30 Vdc, Ie = 

0) 





Emitter Cutoff Current 


Iebo 

— 

50 

nAdc 

(Veb = 4.0 Vdc, Ic = 

0) 





ON CHARACTERISTICS(2) 

DC Current Gain 


hpE 



— 

dr = 0.1 mAdc, VrF 

= 1.0 Vdc) 


30 

— 


dr = 1.0 mAdc, VrF 

= 1.0 Vdc) 


50 

— 


dC = 10 mAdc, VcE 

= 1.0 Vdc) 


70 

— 


1 Collector-Emitter Saturation Voltage 

VcE(sat) 

— 

0.25 

Vdc 

1 dc = 10 mAdc, Ib = 

1.0 mAdc) 





1 Base-Emitter Saturation Voltage 

VBE(sat) 

_ 

0.9 

Vdc 

1 dc = 10 mAdc, Ib = 

1 .0 mAdc) 






SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dc = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

^T 

200 

— 

MHz 

Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 

Cobo 


4.5 

PF 

Input Capacitance 

(Veb = 0.5 Vdc, Ic = 0, f = 100 kHz) PNP 

NPN 

Cibo 


10 

8.0 

pF 


(2) Pulse Test: Pulse Width 300 /xs, Duty Cycle 2.0%. 
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dy. TEMPERATURE COEFFICIENT (mV/oC) V, VOLTAGE (VOLTS) hpE, DC CURRENT GAIN 


MPQ6700 



FIGURE 2 - "ON" VOLTAGE 




FIGURE 3 - TEMPERATURE COEFFICIENTS 


*APPLiy FOR lc/lB'<h'FE/ 2 b 












— 

n 





















2 

)OC 

□ 

to 12 

iii 

5PC ^ 

^t-'vcjor VCE(sat) 
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TUTiT] 
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, TIME (ns) t, TIME (ns) VcE. COLLECTOR EMITTER VOLTAGE (VOLTS) 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Collector-Base Voltage 

VCBO 

30 

Vdc 

Emitter-Base Voltage 

vebo 

4.0 

Vdc 

Collector Current — Continuous 

ic 

200 

mAdc 


Each 

Transistor 

Four 

Transistors 
Equal Power 


Total Device Dissipation 
@Ta = 25°C{1) 

Derate above 25°C 

pd 

500 

4.0 

900 

7.2 

mW 

mW/°C 

Total Device Dissipation 
@ Tc = 25°C 

Derate above 25X 

pd 

825 

6.7 

2400 

19.2 

mW 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

- 55 to +150 

°C 


(1) Second Breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 


THERMAL CHARACTERISTICS 


Characteristic 

Junction to 
Case 

Junction to 
Ambient 

Unit 

Thermal Resistance Each Die 

151 

250 

°C/W 

Effective, 4 Die 

52 

139 

x/w 

Coupling Factors Q1-Q4 or Q2-Q3 

34 

70 

% 

Q1-Q2 or Q3-Q4 

2.0 

26 

% 


MPQ6842 


CASE 646-06, STYLE 1 
TO-116 



14 13 12 11 10 9 8 

n 


Complimentry 



1 2 3 4 5 6 7 




QUAD 

COMPLEMENTARY PAIR 
TRANSISTORS 

NPN/PNP SILICON 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min [ Typ | Max | Unit 


OFF CHARACTERISTICS 



(2) Pulse Test: Pulse Width 300 /jls, Duty Cycle 2.0%. 
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VCE. COLLECTOR EMITTER VOLTAGE (VOLTS) 


MPQ6842 


NPN PNP 

FIGURE 4 - COLLECTOR SATURATION REGION 




FIGURE 5 - SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS 



NOTES: 

1. Unless otherwise noted, all resistors 
carbon composition Y* W ±5%, all 
capacitors dipped mica ±2%. 

2. Use short interconnect wiring with 
good power and ground busses. 

3. TPI thru TP4 are coaxial connectors to 
accept scope probe tip and provide a 
good ground. 

4. Device under test is MPQ6842. 

5. 160 pF load does not include stray 
or scope probe capacitance. 

6. Scope probe resistance > 5 kfi. 

Scope probe capacitance < 1 0 pF. 
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MAXIMUM RATINGS 


Rating 

Symbol 

MPQ7041 

MPQ7042 

MPQ7043 

Unit 

Collector-Emitter Voltage 

VCEO 

150 

200 

250 

Vdc 

Collector-Base Voltage 

VCBO 

150 

200 

250 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

500 

mAdc 



Each 


Four Die 




Die 


Equal Power 


Total Device Dissipation 

Pd 






@ Ta = 25°C 


750 


1700 

mW 

Derate above 25°C 


5.98 


13.6 

mW/X 

Total Device Dissipation 

Pd 






@ Tc = 25°C 


1.25 


3.2 

Watts 

Derate above 25^ 


10 


25.6 

mW/X 

Operating and Storage Junction 

Tj' Tstg 

- 

■55 to -M50 

X 

Temperature Range 







THERMAL CHARACTERISTICS 


Characteristic 

Junction to 
Case 

Junction to 
Ambient 

Unit 

Thermal Resistance Each Die 

100 

167 

X/W 

Effective, 4 Die 

39 

73.5 

x/w 

Coupling Factors Q1-Q4orQ2-Q3 

46 

56 

% 

Q1-Q2 or Q3-Q4 

5.0 

10 

% 


MPQ7041 

thru 

MPQ7043 


CASE 646-06, STYLE 1 
TO-116 



1 2 3 4 5 6 7 


QUAD 

AMPLIFIER TRANSISTORS 

NPN SILICON 

Refer to MPQ7051 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc = 1.0 mAdc, Ib = 0) 

MPQ7041 

IVIPQ7042 

MPQ7043 

V(BR)CEO 

150 

200 

250 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 


V{BR)CBO 




Vdc 

dc = 100 fiAdc, Ie = 0) 

MPQ7041 


150 

— • 

— 



MPQ7042 


200 

— 

— 



MPQ7043 


250 

— 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 


— 

Vdc 

(Ie = 100 fxAdc, Ic = 0) 







Collector Cutoff Current 


ICBO 




nAdc 

(VcB = 120 Vdc, Ie = 0) 

MPQ7041 


— 

— 

100 


(VcB = 150 Vdc, Ie = 0) 

MPQ7042 


— 

— 

100 


(VcB = 180 Vdc, Ie = 0) 

MPQ7043 


— 

— 

100 



ON CHARACTERISTICS 


DC Current Gain 
dc = 1.0 mAdc, VcE = 10 Vdc) 

dc = 10 mAdc, VcE = 10 Vdc) 
dc = 30 mAdc, VcE = 10 Vdc) 

hpE 

25 

40 

40 

45 

60 

80 

- 


Collector-Emitter Saturation Voltage 
(Ic = 20 mAdc, Ib = 2.0 mAdc) 

VcE(sat) 

— 

0.3 

0.5 

Vdc 

Base-Emitter Saturation Voltage 
(Ic = 20 mAdc, Ib = 2.0 mAdc) 

VBE(sat) 

— 

0.7 

0.9 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

fr 

50 

80 

— 

MHz 

Output Capacitance 
(VcB = 20 Vdc, Ie = 0, f = 1.0 MHz) 

Cobo 

— 

2.5 

5.0 

pF 

Input Capacitance 

(Veb = 3.0 Vdc, Ic = 0, f = 1.0 MHz) 

Cibo 

— 

40 

50 

PF 
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MAXIMUM RATINGS 


Rating 

Symbol 

MPQ7091 

CM 

s 

a 

0. 

S 

MPQ7093 

Unit 

Collector-Emitter Voltage 

VCEO 

150 

200 

250 

Vdc 

Collector-Base Voltage 

VCBO 

150 

200 

250 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

'C 

500 

mAdc 


Each 

Die 

Four Die 
Equal Power 


Total Device Dissipation 
@ Ta = 25°C 

Derate above 25°C 

Pd 

750 

5.98 

1700 

13.6 

mW 

mW/°C 

Total Device Dissipation 
@ Tc = 25°C 

Derate above 25°C 

Pd 

1.25 

10 

3.2 

25.6 

Watts 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj/ Tstg 

— 55 to + 1 50 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Junction to 
Case 

Junction to 
Ambient 

Unit 

Thermal Resistance Each Die 

100 

167 

X/W 

Effective, 4 Die 

39 

73.5 

x/w 

Coupling Factors Q1-Q4orQ2-Q3 

46 

56 

% 

Q1-Q2 or Q3-Q4 

5.0 

10 

% 


MPQ7091 

thru 

MPQ7093 


CASE 646-06, STYLE 1 
TO-116 



1 2 3 4 5 6 7 


QUAD 

AMPLIFIER TRANSISTORS 

PNP SILICON 

Refer to MPQ7051 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, \q = 0) 

MPQ7091 

MPQ7092 

MPQ7093 

V{BR)CEO 

150 

200 

250 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 




Vdc 

dC = 100 AAdc, 1 e = 0) 

MPQ7091 


150 

— 

— 



MPQ7092 


200 

— 

— 



MPQ7093 


250 

— 



Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

— 

Vdc 

dE = 100 fiAdc, Ic = 0) 







Collector Cutoff Current 


tCBO 




nAdc 

(VcB = 120 Vdc, 1 e = 0) 

MPQ7091 


— 

— 

250 


(VcB = 150 Vdc, Ie = 0) 

MPQ7092 


— 

— 

250 


(VcB = 180 Vdc, Ie = 0) 

MPQ7093 


— 

— 

250 


Emitter Cutoff Current 


•ebo 

— 

_ 

100 

nAdc 

(Vbe = 3.0 Vdc, Ic = 0) 








ON CHARACTERISTICS 


DC Current Gain dc = 1-0 mAdc, Vqe = 10 Vdc) 
dC = 10 mAdc, VcE = 10 Vdc) 
dc = 30 mAdc, Vqe = 10 Vdc) 

hpE 

25 

35 

25 

40 

55 

50 

- 

— 

Collector-Emitter Saturation Voltage dc = 20 mAdc, Ig = 2.0 mAdc) 

VCE(sat) 

— 

0.3 

0.5 

Vdc 

Base-Emitter Saturation Voltage (Ic = 20 mAdc, Ib = 2.0 mAdc) 

VBE(sat) 

- 

0.7 

0.9 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

fT 

50 

70 

- 

MHz 

Output Capacitance 
(VcB = 20 Vdc, Ie = 0, f = 1.0 MHz) 

^obo 

— 

3.0 

5.0 

pF 

Input Capacitance 

(Veb = 3.0 Vdc, Ic = 0, f = 1.0 MHz) 

Cibo 

1 

— 

60 

75 

pF 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 






MAXIMUM RATINGS 


Rating 

Symbol 

MPS536 

Unit 

Collector-Emitter Voltage 

VCEO 

10 

Vdc 

Collector-Base Voltage 

VCBO 

15 

Vdc 

Emitter-Base Voltage 

vebo 

4.5 

Vdc 

Collector Current — Continuous 

'c 

30 

mA 

Power Dissipation @ = 25X 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Storage Temperature 

Tstg 

— 65 to +150 

°C 


IVIPS536 

CASE 29-04, STYLE 2 
TO-92 (TO-226AA) 



HIGH FREQUENCY 
TRANSISTOR 

PNP SILICON 


*Free air 


ELECTRICAL CHARACTERISTICS (Tc = 25°C *For both package types unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (Iq = 2.0 mA, Ib = 0) 

V(BR)CE0 

10 

— 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 100 /u.A, Ig = 0) 

V(BR)CBO 

15 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 10 /nA. Iq = 0) 

V(BR)EBO 

4.5 

— 

— 

Vdc 

Collector Cutoff Current (Vcb = 10 Vdc, 1^ = 0) 

•CBO 

— 

— 

10 

nAdc 

ON CHARACTERISTICS 

DC Current Gain (Iq = 20 mA, VqE = 5.0 V) 

hPE 

20 


200 


DYNAMIC CHARACTERISTICS 

Current Gain-Bandwidth Product 
dC = 20 mAdc, Vqe = 5-0 Vdc, f = 1.0 GHz) 

fj 

— 

4.5 

— 

GHz 

Collector-Base Capacitance 
(Vcb = 5.0 Vdc, Ip = 0, f = 1.0 MHz) 

Ccb 

— 

0.8 

1.2 

pF 


FUNCTIONAL TESTS 


Gain @ Noise Figure 
(Ic = 10 mAdc, VcE 

= 5.0 Vdc) 

f = 500 MHz 
f = 1.0 GHz 

Gnf 

- 

14 

8.0 



dB 

Noise Figure 



NF 




dB 

dC = 10 mAdc, VcE 

= 5.0 Vdc) 

f = 500 MHz 


— 

4.5 

— 




f = 1.0 GHz 


— 

5:2 , 

— 
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NF, NOISE FIGURE (dB) Gumax AND IS 21 12 (dB) fT, CURRENT GAIN-BANDWIDTH PRODUCT (GHz) 


MPS536 
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— 





















VCE ^ 

= 5V 









f = 1 

I GHz ■ 













I 1 I I 1 1 I I \ I 

0 5 10 15 20 25 

IC, COLLECTOR CURRENT (mA) 



f, FREQUENCY (GHz) 


Figure 1. Current Gain-Bandwidth Product 
versus Collector Current 


Figure 2. Maximum Available Gain (G/Vmax) 
versus Frequency 



versus Frequency 



Figure 4. Gain at Noise Figure versus 
Collector Current 



0 4 8 . 12 16 20 

IC, COLLECTOR CURRENT (mA) 

Figure 5. Noise Figure versus Collector Current 



Figure 6. Input Capacitance versus 
Emitter-Base Voltage 
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MPS536 




1 


















— 






















f : 

= IMh 

Iz 



□ 

□ 

□ 


2 4 6 8 

VcB, COLLECTOR-BASE VOLTAGE (Vdc) 

Figure 7. Output Capacitance versus 
Coliector-Base Voltage 


INPUT/OUTPUT REFLECTION COEFFICIENT 
versus 
FREQUENCY 
VcE = 10 V, Ic = 10 mA 


FORWARD/REVERSE 
TRANSMISSION COEFFICIENTS 
versus 
FREQUENCY 
VcE = 10 V, Ic = 10 mA 



(el ) o\ 1 M 


COMMON EMITTER S-PARAMETERS 
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MAXIMUM RATINGS 


Rating 

Symbol 

MPS650 

MPS750 

MPS651 

MPS751 

Unit 

Collector-Emitter Voltage 

VCE 

40 

60 

Vdc 

Collector-Base Voltage 

VCB 

60 

80 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

ic 

2.0 

Adc 

Total Power Dissipation 
@ Ta = 25°C 

Derate above 25°C 

Pd 

625 

5.0 

mW 

mW/X 

Total Power Dissipation 
@ Tc = 25X 

Derate above 25°C 

Pd 

1.5 

12 

Watt 

rnW/X 

Operating and Storage Junction 
Temperature Range 

Tstg 

-55 to +150 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R6»JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

200 

°c/w 


NPN 

MPS650, IVIPS651 
PNP 

MPS750, MPS7S1 



1 Emitter 

AMPLIFIER TRANSISTORS 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 10 mAdc, Ib = 0) 

MPS650, MPS750 

MPS651, MPS751 

V(BR)CEO 

40 

60 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dC = 100 fiAdc, Ie = 0) 

MPS650, MPS750 


60 

— 



MPS651, MPS751 


80 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

Vdc 

(Ic = 0, Ie = 10 jU-Adc) 






Collector Cutoff Current 


ICBO 



/utAdc 

(VcB = 60 Vdc, Ie = 0) 

MPS650, MPS750 


— 

0.1 


(VcB = 80 Vdc, Ie = 0) 

MPS651, MPS751 


— 

0.1 


Emitter Cutoff Current 


lEBO 

— 

0.1 

fxAdc 

(Veb = 4.0 V, Ic = 0) 







ON CHARACTERISTICSd) 


DC Current Gain 
dC = 50 mA, VcE = 2.0 V) 
dC = 500 mA, VcE = 2.0 V) 
dC = 1.0 A,Vce = 2.0 V) 
dC = 2.0 A, VcE = 2.0 V) 

hpE 

75 

75 

75 

40 

— 


Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

dC = 2.0 A, Ib = 200 mA) 


— 

0.5 


dC = 1.0 A, Ib = 100 mA) 


— 

0.3 


Base-Emitter On Voltage 

VBE(on) 

— 

1.0 

Vdc 

dC = 1.0 A,Vce = 2.0 V) 





Base-Emitter Saturation Voltage 

VBE(sat) 

— 

1.2 

Vdc 

dC = 1.0 A, Ib = 100 mA) 






SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 

fr 

75 

— 

MHz 

dC = 50 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 






(1) Pulse Test: Pulse Width 300 fxs, Duty Cycle = 2.0%. 

(2) fj is defined as the frequency at which |hfe| extrapolates to unity. 
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NPN MPS650, MPS651, PNP MPS750, MPS751 


FIGURE 1 - MPS650, MPS651 
TYPICAL DC CURRENT GAIN 


FIGURE 2 - MPS750, MPS751 
TYPICAL DC CURRENT GAIN 
PNP 




20 50 100 200 500 1 0 A 2.0 A 4 0 A 

IC, COLLECTOR CURRENT (mA) 


10 20 50 100 200 500 1.0 A 2.0 A 4.0 A 

IC, COLLECTOR CURRENT (mA) 


FIGURE 3 - MPS650. MPS651 
ON VOLTAGES 


FIGURE 4 - MPS750, MPS751 
ON VOLTAGES 



VbE(o 

M 

n) < 

U 

® Vc 

LM 

E = 2.0V 

L 

- 



I 1 Ml ! 

■VcE(sat) @ >C/'l 

M 

3=J 

10 




IC, COLLECTOR CURRENT (mA) 


IC- COLLECTOR CURRENT (mA) 


FIGURE 5 — MPS650. MPS651 
COLLECTOR SATURATION REGION 


FIGURE 6 — MPS750. MPS751 
COLLECTOR SATURATION REGION 
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IB, BASE CURRENT (mA) 
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Ib, BASE CURRENT (mA) 
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Ic, COLLECTOR CURRENT 


NPN MPS650, MPS651, PNP MPS750, MPS751 


FIGURE 7 — MPS650, MPS651 SOA. 
SAFE OPERATING AREA 


NPN 



FIGURE 8 - MPS750, MPS751 SOA, 
SAFE OPERATING AREA 


PNP 



VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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MAXIMUM RATINGS 


Rating 

Symbol 

MPS918 

MPS3563 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

12 

Vdc 

Collector-Base Voltage 

VCBO 

30 

30 

Vdc 

Emitter-Base Voltage 

Vebo 

3.0 

2.0 

Vdc 

Collector Current — Continuous 

ic 

50 

mAdc 

Total Device Dissipation @ Ta = 25°C 

.Pd 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

pd 

0.85 

Watt 

Derate above 25°C 


6.8 

mW/°C 

Operating and Storage Junction 

Tjf Tstg 

1 

- 55 to -t- 1 50 

X 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

147 

X/W 

Thermal Resistance, Junction to Ambient 

R0Ja(i) 

357 

x/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 3.0 mAdc, Ib = 0) 

MPS918 

MPS3563 

V(BR)CEO 

15 

12 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dC = 1.0 AiAdc, Ie = 0) 

MPS918 


30 

— 


dC = 100 AiAdc, Ie = 0) 

MPS3563 


30 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 



Vdc 

(Ie = 10 /liAdc, Ic = 0) 

MPS918 


3.0 

— 



MPS3563 


2.0 

— 


Collector Cutoff Current 


'CBO 



nAdc 

(VcB = 15 Vdc, Ie = 0) 

MPS918 


— 

10 



MPS3563 


— 

50 



ON CHARACTERISTICS 


DC Current Gain(2) 
dC = 3.0 mAdc, VqE = '1-0 Vdc) 
dC = 8.0 mAdc, Vqe = 10 Vdc) 

MPS918 

MPS3563 

hpE 

20 

20 

200 

— 

Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdp) 

MPS918 

VCE(sat) 

— 

0.4 

Vdc 

Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 10 mAdc) 

MPS918 

VBE(sat) 

— 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 4.0 mAdc, Vqe = 10 Vdc, f = 100 MHz) 
dC = 8.0 mAdc, Vqe = 10 Vdc, f = 100 MHz) 

MPS918 

MPS3563 

^T 

600 

600 

1500 

MHz 

Output Capacitance 


Cobo 



PF 

(VcB = 0 Vdc, Ig = 0, f = 140 kHz) 

MPS918 


— 

3.0 


(VcB = 10 Vdc, Ie = 0, f = 140 kHz) 

MPS918 


— 

1.7 


(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

MPS3563 


— 

1.7 


Input Capacitance 


o 

6 

— 

2.0 

PF 

(Veb = 0.5 Vdc, Ic = 0, f = 140 kHz) 

MPS918 





Small-Signal Current Gain 


*^fe 

20 

250 

— 

dC = 8.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

MPS3563 





Noise Figure 


NF 

— 

6.0 

dB 

dC = 1.0 mAdc, VcE = 6.0 Vdc, Rs = 400 ohms, f = 60 MHz) 

MPS918 






(1) RaJA is measured with the device soldered into a typical printed circuit board. 

(2) Pulse Test: Pulse Width 300 ns, Duty Cycle 1.0%. 
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MPS918, MPS3563 


ELECTRICAL CHARACTERISTICS (continued) (T/\ == 25X unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
dC = 6.0 mAdc, VcB = 12 Vdc, f = 200 MHz) 
dC = 8.0 mAdc, Vqe = 10 Vdc, f = 200 MHz) 

(Gfd + Gre < -20 dB) 

MPS918 

MPS3563 

Gpe 

15 

14 

- 

dB 

Power Output 

dC = 8.0 mAdc, VcB = 15 Vdc, f = 500 MHz) 

MPS918 

Pout 

30 

— 

mW 

Oscillator Collector Efficiency 

dC = 8.0 mAdc, VcB = 15 Vdc, Pout == 30 mW, f = 500 MHz) 

MPS918 

V 

25 

— 

% 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

Vdc 

Collector Current — Continuous 

'c 

100 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

pd 

1.5 

Watts 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

- 55 to -fl 50 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R6IJC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

200 

x/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic Symbol Min T Max Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) (\q = 10 mAdc, Ib = 0) 

V(BR)CEO 

45 

_ 

Vdc 

Collector-Base Breakdown Voltage dc = 10 /xAdc, 1^ = 0) 

V(BR)CBO 

60 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 10 /xAdc, Iq = 0) 

V(BR)EBO 

6.0 

— 

Vdc 

Collector Cutoff Current (VcE = 5.0 Vdc, Ib = 0) 

ICEO 

— 

5.6 

nAdc 

Collector Cutoff Current (VcB = 45 Vdc, Ie = 0) 

'CBO 

— 

5.0 

nAdc 

Collector Cutoff Current (V^e 45 Vdc, Vbe = 0) 

Ices 

— 

5.0 

nAdc 

(VcE = 45 Vdc, Vbe = 0, Ta = 125X) 


— 

5.0 

/xAdc 

Emitter Cutoff Current (Veb = 5.0 Vdc, Ic = 0) 

•ebo 

— 

5.0 

nAdc 


ON CHARACTERISTICS 


DC Current Gain(l) 

hPE 



— 

dc = 1.0 yaAdc, VcE = 5.0 Vdc) 


60 

— 


dc = 10 AAdc, VcE = 5.0 Vdc) ' 


100 

300 


dc = 10 ^Adc, VcE = 5.0 Vdc, Ta = -55X) | 


30 

— 


dc - 500 ixA6c, VcE = 5.0 Vdc) 


150 

— 


dc = 10 mAdc, VcE = 5.0 Vdc) 


— 

600 


Collector-Emitter Saturation Voltage(l) dc = 10 mAdc, Ib = 0.5 mAdc) | 

VcE(sat) 

— 

0.5 

Vdc 

Base-Emitter Saturation Voltage(l) dc = 10 mAdc, Ib = 0.5 mAdc) 

VBE(sat) 

0.7 

0.9 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (Ic = 500 fjLAdc, VcE = 5.0 Vdc, f = 30 MHz) 

fT 

45 

_ 

MHz 

Output Capacitance (Vcb = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 

Cobo 

— 

6.0 

PF 

Input Impedance (Ie = 1-0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 

hib 

25 

32 

Ohms 

Voltage Feedback Ratio (Ie = 1.0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 

hrb 

— 

600 

CO 

o 

X 

Small-Signal Current Gain (Ic = 1.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 

l^fe 

150 

600 

— 

Output Admittance (Ie = 1.0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 

hob 


1.0 

/Limho 

Noise Figure (Ic = 10 /u-Adc, Vce = 5.0 Vdc, Rs = 10 kohms, f = 10 Hz to 15.7 kHz) j 

NF 

— 

3.0 

dB 


(1) Pulse Test: Pulse Width ^ 300 /is, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

MPS2222 

MPS2222A 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

40 

Vdc 

Collector-Base Voltage 

VCBO 

60 

75 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

6.0 

Vdc 

Collector Current — Continuous 

Ic 

600 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/X 

Total Device Dissipation @ Tc = 25°C 

Pd 

1.5 

Watts 

Derate above 25°C 



12 

mW/°C 

Operating and Storage Junction 

Tj/ Tstg 

-55 to +m 

X 

Temperature Range 





Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

X/W 

Thermal Resistance, Junction to Ambient 

R0JA 

200 

x/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mAdc, Ib = 0) 

MPS2222 

MPS2222A 

V(BR)CEO 

30 

40 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

(Iq = 10 fxAdc, Ib = 0) 

MPS2222 


60 

— 



MPS2222A 


75 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 



Vdc 

(Ie = 10 ^Adc, Ic = 0) 

MPS2222 


5.0 

— 



MPS2222A 


6.0 

— 


Collector Cutoff Current 


•CEX 

_ 

10 

nAdc 

(VcE = 60 Vdc, VEB(off) = 3.0 Vdc) 

MPS2222A 





Collector Cutoff Current 


ICBO 



IxAdc 

(VcB = 50 Vdc, Ie = 0) 

MPS2222 


— - 

0.01 


(VcB = 60 Vdc, Ie = 0) 

MPS2222A 


— 

0.01 


(VcB = 50 Vdc, Ie = 0, Ta = 125X) 

MPS2222 


— 

10 


(VcB = 50 Vdc, Ie = 0, Ta = 125X) 

MPS2222A 


— 

10 


Emitter Cutoff Current 


Iebo 

— 

10 

nAdc 

(Veb = 3.0 Vdc, Ic = 0) 

MPS2222A 





Base Cutoff Current 


Ibl 

_ 

20 

nAdc 

(VcE = 60 Vdc, VEB(off) 3.0 Vdc) 

MPS2222A 






ON CHARACTERISTICS 


DC Current Gain 


hpE 



— 

dC = 0.1 mAdc, VcE = 10 Vdc) 



35 

— 


(Ic = 1.0 mAdc, VcE = 10 Vdc) 



50 

— 


dC = 10 mAdc, VcE = 10 Vdc) 



75 

— 


dC = 10 mAdc, VcE = 10 Vdc, Ta = -55X) 

MPS2222A only 


35 

— 


dC = 150 mAdc, VcE = 10 Vdc)(1) 



100 

300 


dC = 150 mAdc, VcE = 1-0 Vdc)(1) 



50 

— 


dC = 500 mAdc, VcE = 10 Vdc)(1) 

MPS2222 


30 

— 



MPS2222A 


40 

— 


Collector-Emitter Saturation Voltage(l) 


VCE(sat) 



Vdc 

dC = 150 mAdc, Ib = 15 mAdc) 

MPS2222 

— 

0.4 


MPS2222A 


— 

0.3 


dc = 500 mAdc, Ib = 50 mAdc) 

MPS2222 




1.6 


MPS2222A 


— 

1.0 



*Also available as a PN2222,A. 
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MPS2222, A 


ELECTRICAL CHARACTERISTICS (continued) (T/^ = 25°C unless otherwise noted.) 


1 Characteristic 

Symboi 

Min 

Max 

Unit 

Base-Emitter Saturation Voltage! 1) 


VBE(sat) 



Vdc 

dC = 150 mAdc, Ib = 15 mAdc) 

MPS2222 

— 

1.3 



MPS2222A 


0.6 

1.2 


dc = 500 mAdc, Ig = 50 mAdc) 

MPS2222 




2.6 


MPS2222A 


— 

2.0 



SMALL-SIGNAL CHARACTERISTICS 


SWITCHING CHARACTERISTICS MPS2222A only 


Delay Time 

(Vcc = 30 Vdc, VBE(off) = 0-5 Vdc, 

td 

— 

10 

ns 

Rise Time 

IC = 150 mAdc, Ibi = 15 mAdc) (Figure 1) 

tr 

— 

25 

ns 

Storage Time 

(Vcc = 30 Vdc, Ic = 150 mAdc, 

Is 

— 

225 

ns 

Fall Time 

•b 1 = IB2 = 15 mAdc) (Figure 2) 

tf 

— 

60 

ns 


(1) Pulse Test: Pulse Width ^ 300 )u,s. Duty Cycle 2.0%. 

(2) fj is defined as the frequency at which |hfe| extrapolates to unity. 


Current-Gain — Bandwidth Product(2) 


fT 



MHz 

dc = 20 mAdc, VcE = 20 Vdc, f = 100 MHz) 

MPS2222 


250 

— 


MPS2222A 


300 

— 


Output Capacitance 


Cobo 

— 

8.0 

pF 

(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 






Input Capacitance 


Cibo 



pF 

(Veb = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

MPS2222 


— 

30 



MPS2222A 


_ 

25 


Input Impedance 


hie 



kn 

dc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

MPS2222A 


2.0 

8.0 


dc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

MPS2222A 


0.25 

1.25 


Voltage Feedback Ratio 


hre 



X 10-4 

dc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

MPS2222A 


— 

8.0 


dc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

MPS2222A 


— 

4.0 


Small-Signal Current Gain 


hfe 



— 

dc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

MPS2222A 


50 

300 


dc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

MPS2222A 


75 

375 


Output Admittance 


D" 

O 

CD 



Mmhos 

(Ic = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

MPS2222A 


5.0 

35 


(Ic = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

MPS2222A 


25 

200 


Collector Base Time Constant 


rb Cq 

— 

150 

ps 

(Ie = 20 mAdc, VcB = 20 Vdc, f = 31.8 MHz) 

MPS2222A 





Noise Figure 


NF 

— 

4.0 

dB 

dc = 100 MAdc, VcE = 10 Vdc, Rs = 1.0 kO, f = 1.0 kHz) 

MPS2222A 






SWITCHING TIME EQUIVALENT TEST CIRCUITS 



FIGURE 1 - TURN-ON TIME 

U- 1.0 to 100 ms, DUTY 
CYCLE « 2%. 


FIGURE 2 - TURN-OFF TIME 


-14 V 


-T- 

j Cs* < 10 pF 

Scope Rise Time < 4 ns 
^ ‘Total shunt capacitance of test jig, 

connectors, and oscilloscope. 
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MPS2369 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

Vdc 

Collector-Emitter Voltage 

VCES 

40 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

4.5 

Vdc 

Collector Current — Continuous 

ic 

500 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/X 

Operating and Storage Junction 

Tj/ Tstg 

- 55 to -1- 1 50 

°C 

Temperature Range 




CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 



SWITCHING TRANSISTOR 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R^ja 

200 

°C/W 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Tj\ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

(Ic = 10 mAdc, |0 = 0) 

V(BR)CEO 

15 

— 

— 

Vdc 

Collector-Emitter Breakdown Voltage 

V(BR)CES 

40 

_ 

— 

Vdc 

dC = 10)uAdc,VBE = 0) 






Collector-Base Breakdown Voltage 

V(BR)CBO 

40 

— 

— 

Vdc 

dC = 10 iJuAdc, Ie = 0) 






Emitter-Base Breakdown Voltage 

V(BR)EBO 

4.5 

— 

— 

Vdc 

(Ie = 10 /xAdc, Ic = 0) 






Collector Cutoff Current 

ICBO 




fxAdc 

(VcB = 20 Vdc, Ie = 0) 


— 

— 

0.4 


(VcB = 20 Vdc, Ie = 0, Ta = 125°C) 


— 

— 

30 



ON CHARACTERISTICS 


DC Current Gain(1) 
dc = 10 mAdc, VcE = 1.0 Vdc) 
dc = 100 mAdc, VcE = 2.0 Vdc) 

hpE 

40 

20 

- 

120 

— 

Collector-Emitter Saturation Voltage(l) 

(Ic = 10 mAdc, Ig = 1.0 mAdc) 

VcE(sat) 

— 

— 

0.25 

Vdc 

Base-Emitter Saturation Voltage(l) 

(Ic = 10 mAdc, Ib = 1.0 mAdc) 

VBE(sat) 

0.7 

— 

0.85 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 

Cobo 

— 

— 

4.0 

PP 

Small Signal Current Gain 
dc = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

hfe 

5.0 

_ 

— 

— 


SWITCHING CHARACTERISTICS 


Storage Time 

(■bi = •B 2 = Ic = 10 mAdc) (Figure 3) 

ts 

— 

5.0 

13 

ns 

Turn-On Time 

(Vcc = 3.0 Vdc, Ic = 10 mAdc, Igi = 3.0 mAdc) (Figure 1) 

^on 

— 

8.0 

12 

ns 

Turn-Off Time 

(Vcc = 3.0 Vdc, Ic = 10 mAdc, Ig-i = 3.0 mAdc, 

102 = 1-5 mAdc) (Figure 2) 

toff 


10 

18 

ns 


(1) Pulse Test: Pulse Width « 300 /xs. Duty Cycle 2.0%. 
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MPS2369 


FIGURE 1 — ton CIRCUIT 



DUTY CYCLE = 2.0% 


FIGURE 2 — toff CIRCUIT 



PULSE WIDTH (ti) = 300 ns 
DUTY CYCLE = 2.0% 


FIGURE 3 — STORAGE TEST CIRCUIT 



*T0TAL SHUNT CAPACITANCE OF TEST JIG AND CONNECTORS. 
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MAXIMUM RATINGS 


Rating 

Symbol 

MPS2907 

MPS2907A 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

60 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

600 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.5 

Watts 

Derate above 25°C 



12 

mW/°C 

Operating and Storage Junction 

Tjr Tstg 

-55 to +150 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

X/W 

Thermal Resistance, Junction to Ambient 

R^ja 

200 

°CA/V 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


Symbol 

Min 

Max 

Unit 1 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage! 1) 


V(BR)CEO 



Vdc 

dC = 10 mAdc, Ib = 0) 

MPS2907 


40 

— 



MPS2907A 


60 

— 


Collector-Base Breakdown Voltage 


V(BR)CB0 

60 

— 

Vdc 

dC = 10 /LtAdc, Ie = 0) 






Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 10 fjiAdc, Ic = 0) 






Collector Cutoff Current 


ICEX 

— 

50 

nAdc 

(VcE = 30 Vdc, VBE(off) = 0.5 Vdc) 






Collector Cutoff Current 


'CBO 



/aAdc 

(VcB = 50 Vdc, Ie = 0) 

MPS2907 


— 

0.020 



MPS2907A 


— 

0.010 


(VcB = 50 Vdc, Ie = 0, Ta = 150°C) 

MPS2907 




20 



MPS2907A 


— 

10 


Base Current 


Ib 

— 

50 

nAdc 

(VcE = 30 Vdc, VBE(off) = 0.5 Vdc) 






ON CHARACTERISTICS 

DC Current Gain 


hpE 



_ 

dC = 0.1 mAdc, VcE = 10 Vdc) 

MPS2907 


35 

— 



MPS2907A 


75 

— 


(Ic = 1.0 mAdc, VcE = 10 Vdc) 

MPS2907 


50 





MPS2907A 


100 

— 


dC = 10 mAdc, VcE = 10 Vdc) 

MPS2907 


75 





MPS2907A 


100 

— 


dC = 150 mAdc, VcE = 10 Vdc)(1) 

MPS2907, MPS2907A 


100 

300 


dC = 500 mAdc, VcE = 10 Vdc)(1) 

MPS2907 


30 





MPS2907A 


50 

— 


Collector-Emitter Saturation Voltage(l) 


VCE(sat) 



Vdc 

dC = 150 mAdc, Ib = 15 mAdc) 



— 

0.4 


dC = 500 mAdc, Ib = 50 mAdc) 



— 

1.6 


Base-Emitter Saturation Voltage(l) 


VBE(sat) 



Vdc 

dC = 150 mAdc, Ib = 15 mAdc) 



— 

1.3 


(Ic = 500 mAdc, Ib = 50 mAdc) 



— 

2.6 
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MPS2907, A 


ELECTRICAL CHARACTERISTICS (continued) (T/^ = 25°C unless otherwise noted.) 

Characteristic [ Symbol [ Min j Max [ Unit 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1),(2) 
dC = 50 mAdc, Vqe = 20 Vdc, f = 100 MHz) 

fT 

200 

— 

MHz 

Qutput Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

^obo 

— 

8.0 

pF 

Input Capacitance 

(Vbe = 2.0 Vdc, Ic = 0, f = 1.0 MHz) 

o 

cr 

o 

— 

30 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 30 Vdc, Ic = 150 mAdc, 

Ibi = 15 mAdc) (Figures 1 and 5) 

Ion 

— 

45 

ns 

Delay Time 

td 

— 

10 

ns 

Rise Time 

tr 

— 

40 

ns 

Turn-Off Time 

(Vcc = 0 0 Vdc, Ic == 150 mAdc, 

Ibi = IB2 = 10 mAdc) (Figure 2) 

toff 

— 

100 

ns 

Storage Time 

ts 

— 

80 

ns 

Fall Time 

tf 

- 

30 

ns 


(1) Pulse Test: Pulse Width ^ 300 /is, Duty Cycle ^ 2.0%. 

(2) fj is defined as the frequency at which |hfel extrapolates to unity. 


FIGURE 1 - DELAY AND RISE 
TIME TEST CIRCUIT 



FIGURE 2 - STORAGE AND FALL 
TIME TEST CIRCUIT 

INPUT 



TYPICAL CHARACTERISTICS 


FIGURE 3 - DC CURRENT GAIN 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

25 

Vdc 

Collector-Base Voltage 

VCBO 

25 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

500 

mA 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/X 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.5 

Watts 

Derate above 25°C 


12 

mW/X 

Operating and Storage Junction 

Tj- Tstg 

- 55 to -f 1 50 

X 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^JC 

83.3 

X/W 

Thermal Resistance, Junction to Ambient 

R^ja 

200 

x/w 



ELECTRICAL CHARACTERISTICS (Tyo^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mA) 

V(BR)CEO 

25 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

25 

— 

Vdc 

dc = 100 fiA) 





Emitter-Base Breakdown Voltage 

V{BR)EBO 

5.0 

— 

Vdc 

(Ie = 10 aA) 





Collector Cutoff Current 

'CBO 




(VcB = 18 V) 


— 

100 

nA 

(VcB = 18 V, Ta = 100X) 


— 

15 

aA 

Emitter Cutoff Current 

Iebo 

— 

100 

nA 

(Vbe = 5.0 V) 






ON CHARACTERISTICS 


DC Current Gain 
dc = 2.0 mA, VcE = 4.5 V) 

hpE 

180 

540 

— 

Collector-Emitter Saturation Voltage 
dc = 50 mA, Ib = 3.0 mA) 

VcE(sat) 

— 

0.3 

Vdc 

Base-Emitter Saturation Voltage 
dc = 50 mA, Ib = 3.0 mA) 

VBE(sat) 

0.6 

1.3 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Small-Signal Current Gain 

hfe 



_ 

dc = 2.0 mA, VcE = 4.5 V, f = 1.0 kHz) 


75 

— 


dc = 2.0 mA, VcE = 4.5 V, f = 1.0 kHz) 


180 

— 
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For Specifications, See MPS918 Data 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

200 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/X 

Total Power Dissipation @ Ta = 60°C 

Pd 

450 

mW 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.5 

Watts 

Derate above 25°C 


12 

mW/X 

Operating and Storage Junction 

Tj/ Tstg 

- 55 to +150 

X 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

X/W 

Thermal Resistance, Junction to Ambient 

R6IJA 

200 

x/w 


IVIPS3566 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 



GENERAL PURPOSE 
TRANSISTOR 

NPN SILICON 

Refer to 2N4400 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Mhi I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 30 mA) 

V(BR)CEO(sus) 

30 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

40 

— 

Vdc 

dC = 100 fiA) 





Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

Vdc 

dE = 10 aA) 





Collector Cutoff Current 

ICBO 




(VcB = 20 V) 




50 

nA 

(VcB = 20 V, Ta = 75X) 


— 

5.0 

aA 

Emitter Cutoff Current 

Iebo 

— 

10 

fiA 

(Vbe = 5.0 V) 






ON CHARACTERISTICS 


DC Current Gain 
dC = 10 mA, VcE = 10 V) 
dC = 2.0 mA, VcE = 10 V) 

hpE 

150 

80 

600 

— 

Collector-Emitter Saturation Voltage 
dC = 100 mA, Ib = 10 mA) 

VCE(sat) 

— 

1.0 

Vdc 

Base-Emitter On Voltage(l) 
dC = 100 mA, VcE = 1-0 V) 

VBE(on) 

— 

0.9 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 10 V, f = 1.0 MHz) 

^obo 

— 

25 

PP 

Small-Signal Current Gain 
dC - 30 mA, VcE = 10 V, f = 20 MHz) 

hfe 

2.0 

35 

— 


(1) Pulse Test: Pulse Width ^ 300 fis, Duty Cycle 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

MPS3567 

MPS3569 

MPS3568 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

60 

Vdc 

Collector-Base Voltage 

VCBO 

80 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

600 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.5 

Watts 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj» Tstg 

-55 to -1-150 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

200 

x/w 


IVIPS3567 

thru 

MP$3569 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 



AMPLIFIER TRANSISTORS 

NPN SILICON 


Refer to 2N4400 for graphs for MPS3567, 3569.* 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min [ Max [ Unit^ 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(l) 
dC = 30 mAdc, Ib = 0) MPS3567, MPS3569 

MPS3568 

VCEO(sus) 

40 

60 

- 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

80 

— 

Vdc 

dC = 100 AAdc, Ie = 0) 





Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 10 /LcAdc, Ic = 0) 





Collector Cutoff Current 

ICBO 




(VcB = 40 Vdc, Ie = 0) 


— 

50 

nAdc 

(VcB = 40 Vdc, Ie = 0, Ta = 75X) 


— 

5.0 

^Adc 

Emitter Cutoff Current 

Iebo 

— 

25 

nAdc 

(Veb = 4.0 Vdc, Ic = 0) 






ON CHARACTERISTICS(I) 


DC Current Gain 
dC = 30 mAdc, VcE = 10 Vdc) 

(Ic = 150 mAdc, VcE = 10 Vdc) 

MPS3567, MPS3568 
MPS3569 

MPS3567, MPS3568 
MPS3569 

hpE 

40 

100 

40 

100 

120 

300 


Collector-Emitter Saturation Voltage 
dC = 150 mAdc, Ib = 15 mAdc) 


VCE(sat) 

— 

0.25 

Vdc 

Base-Emitter Saturation Voltage 
(Ic = 150 mAdc, Ib = 15 mAdc) 


VBE(sat) 

— 

1.1 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(l) 
dC = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

It 

60 

— 

MHz 

Output Capacitance 
(VcB = 10 V, f = 1.0 MHz) 

Co bo 

— 

20 

PF 

Input Capacitance 

(Veb = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

Cibo 

— 

80 

PF 


*Refer to MPS8098 for graphs for MPS3568. 

(1) Pulse Test: Pulse Width 300 fis, Duty Cycle ^ 2.0%. 
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Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

25 

Vdc 

Collector-Emitter Voltage 

VCES 

25 

Vdc 

Collector-Base Voltage 

VCBO 

25 

Vdc 

Emitter-Base Voltage 

Vebo 

40 

Vdc 

Collector Current — Continuous 

ic 

500 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tc = 25X 

Pd 

1.5 

Watts 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tjr Tgtg 

-55 to -H150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

P0JC 

83.3 

X/W 

Thermal Resistance, Junction to Ambient 

R^JAC) 

200 

x/w 


(“I) is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 100 ^Adc, Vbe = 0) 

V(BR)CES 

25 

— 

Vdc 

Collector-Emitter Sustaining Voltaged) 
dC = 10 mAdc, Ib = 0) 

VcEO(sus) 

25 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 100 AtAdc, Ie = 0) 

V(BR)CB0 

25 

— 

Vdc 

Emitter-Base Breakdown Voltage 

He = 100 fiAdc, Ic = 0) 

V(BR)EBO 

4.0 

— 

Vdc 

Collector Cutoff Current 
(VcE = 15 Vdc, Vbe = 0) 

(VCE = 15 Vdc, Vbe = 0, Ta = -65X) 

•CES 

- 

0.035 

2.0 

IxAdc 

Emitter Cutoff Current 
(Veb = 3.0 V, Ic = 0) 

•ebo 

— 

35 

nA 

Base Current 

(VcE = 15 Vdc, Vbe = 0) 

Ib 

— 

0.035 

/nAdc 


ON CHARACTERISTICSd) 


DC Current Gain 
dC = 1.0 mAdc, VcE = 10 Vdc) 

dC = lOmAdc, VcE = 10 Vdc) 

dC = 50 mAdc, Vce = 1-0 Vdc) 

dC = 300 mAdc, Vce = 2.0 Vdc) 

MPS3638A 

MPS3638 

MPS3638A 

MPS3638 

MPS3638A 

MPS3638 

MPS3638A 

hpE 

80 

20 

100 

30 

100 

20 

20 

- 


Collector-Emitter Saturation Voltage 


VCE(sat) 



Vdc 

(Ic = 50 mAdc, Ib = 2.5 mAdc) 



— 

0.25 


(Ic = 300 mAdc, Ib = 30 mAdc) 



— 

1.0 


Base-Emitter Saturation Voltage 


VBE(sat) 



Vdc 

dC = 50 mAdc, Ib = 2.5 mAdc) 



— 

1.1 


dC = 300 mAdc, Ib = 30 mAdc) 



0.80 

2.0 
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MPS3638, A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


Symbol 

Min 

Max 

Unit 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product 





MHz 

(VcE = 3.0 Vdc, Ic = 50 mAdc, f = 100 MHz) 

MPS3638 


100 

— 


MPS3638A 


150 

— 


Output Capacitance 


Cobo 



PF 

(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

MPS3638 


— 

20 



MPS3638A 


— 

10 


Input Capacitance 


o 

.Q 

6 



pF 

(Vbe = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

MPS3638 


— 

65 



MPS3638A 


— 

25 


Input Impedance 


hie 

— 

2000 

Ohms 

dC = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 






Voltage Feedback Ratio 


hre 



X 10-4 

dC = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

MPS3638 


— 

26 


MPS3638A 


— 

15 


Small-Signal Current Gain 


hfe 



— 

dC = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

MPS3638 


25 

— 


MPS3638A 


100 

— 


Output Admittance 


hoe 

— 

1.2 

mmhos 

dC = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 







SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 10 Vdc, Ic = 300 mAdc, 

Ibi = 30 mAdc) 

td 

— 

20 

ns 

Rise Time 

tr 

— 

70 

ns 

Storage Time 

(Vcc = 10 Vdc, Ic = 300 mAdc, 

Ibi = 30 mAdc, Ib 2 30 mAdc) 

Is 

— 

140 

ns 

Fall Time 

tf 

— 

70 

ns 

Turn-On Time 

dC = 300 mAdc, Ibi = 30 mAdc) 

Ion 

— 

75 

ns 

Turn-Off Time 

(Ic = 300 mAdc, Ibi = 30 mAdc, Ib 2 = 30 mAdc) 

toff 

- 

170 

ns 


(1) Pulse Test: Pulse Width 300 /as, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


IVIPS3640 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

12 

Vdc 

Collector-Base Voltage 

VCBO 

12 

Vdc 

Emitter-Base Voltage 

Vebo 

4.0 

Vdc 

Collector Current — Continuous 

'c 

80 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

1.5 

Watts 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj' Tstg 

- 55 to -t- 1 50 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

200 

x/w 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 



SWITCHING TRANSISTOR 

PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min 1 Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Iq = 100 juAdc, Vbe = 0) 

V(BR)CES 

12 

— 

Vdc 

Collector-Emitter Sustaining Voltage(l) (Iq = 10 mAdc, Ib = 0) 

VCEO(sus) 

12 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 100 ^Adc, Ie = 0) 

V(BR)CBO 

12 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 100 ixAdc, Iq = 0) 

V(BR)EBO 

4.0 

— 

Vdc 

Collector Cutoff Current (VcE = 6.0 Vdc, Vbe = 0) 

Ices 

— 

0.01 

nAdc 

(VcE = 6.0 Vdc, Vbe = 0, Ta = 65°C) 


— 

1.0 


Base Current (Vqe = 6.0 Vdc, Vbe = 0) 

Ib 

- 

10 

nAdc 


ON CHARACTERISTICS! 1) 


DC Current Gain (Iq = 10 mAdc, Vqe = 0.3 Vdc) 

(Ic = 50 mAdc, Vqe = l-O Vdc) 

hpE 

30 

20 

120 

— 

Collector-Emitter Saturation Voltage dc = 10 mAdc, Ib = 1.0 mAdc) 

VcE(sat) 

— 

0.2 

Vdc 

(Ic = 50 mAdc, Ib = 5.0 mAdc) 


— 

0.6 


dc = 10 mAdc, Ib = 1.0 mAdc, Ta = 65°C) 


— 

0.25 


Base-Emitter Saturation Voltage (Iq = 10 mAdc, Ib = 0.5 mAdc) 

VBE(sat) 

0.75 

0.95 

Vdc 

(Ic = 10 mAdc, Ib = 1.0 mAdc) 


0.75 

1.0 


(Ic = 50 mAdc, Ib = 5.0 mAdc) 


— 

1.5 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product dc = 10 mAdc, Vce = 5.0 Vdc, f = 100 MHz) 

fT 

500 

— 

MHz 

Output Capacitance (Vcb = = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 

Cobo 

— 

3.5 

PF 

Input Capacitance (Vbe 

= 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

Cibo 

— 

3.5 

PF 

SWITCHING CHARACTERISTICS 

Delay Time 

(Vec = 6.0 Vdc, Ic = 50 mAdc, VBE(off) = 1-9 Vdc, 

td 

— 

10 

ns 

Rise Time 

Ibi = 5.0 mAdc) 

tr 

— 

30 

ns 

Storage Time 

(Vec 6.0 Vdc, Ic = 50 mAdc, Ibi = Ib 2 = 5.0 mAdc) 

ts 

— 

20 

ns 

Fall Time 


tf 

_ 

12 

ns 

Turn-On Time 


Ion 



ns 

(Vce = 6.0 Vdc, Ic = 50 mAdc, VBE(off) = 1-9 Vdc, Ibi = 5.0 mAdc) 


— 

25 


(Vec = 1-5 Vdc, Ic = 10 mAdc, Ibi = 0.5 mAdc) 


— 

60 


1 Turn-Off Time 


toff 



ns 

(Vec = 6.0 Vdc, Ic = 50 mAdc, VBE(off) = 1.9 V, Ibi = Ib 2 = 5.0 mAdc) 


— 

35 


(Vec = 1-5 Vdc, Ic = 10 mAdc, Ibi = Ib 2 = 6-5 mAdc) 


— 

75 


(1) Pulse Test: Pulse Width 

^ 300 ixs, Duty Cycle ^ 2.0%. 
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FIGURE 1 

Vbb=+1-9V Vcc = -6.0V 


”i_r 

5.8 V I— I 


> TOSAMPLINI 

PULSE SOURCE 5 , | Input Z -100 

Ri$eTime5 1.0ns ? RiseTime^l. 

Pulse Width il 00 ns -rtr 

Zin = 50 Ohms ~ 

Fall Time^ 1.0 ns NOTES: Collector Current = 50 mA, Turn-On and Turn 
Base Currents = 5.0 mA. 


FIGURE 3 - DC CURRENT GAIN 


: 100 I I - 

■ 70 

i 50 -55°C- 


0.1 0.2 0.5 1.0 2.0 5.0 10 20 51 

IC, COLLECTOR CURRENT (mA) 

FIGURE 5 - COLLECTOR SATURATION REGION 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.1 

IB, BASE CURRENT (mA) 


FIGURE 7 - CURRENT-GAIN-BANDWIDTH PRODUCT 

? 2000 1 T._ocor I I I r I I I I I I I I I r 


Tj = 250C 
f= 100 MHz 




n 




VCE = 

10 V 

— 


" 

T 




1 


. 


1.0 V 

- 

- 

— 

— 














L. 




2.0 3.0 5.0 7.0 10 20 30 50 

IC, COLLECTOR CURRENT (mA) 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

Vdc 

Collector-Emitter Voltage 

VCES 

40 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

300 

mAdc 

— ^0 ixs Pulse 


500 


Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tc = 25®C 

pd 

350 

mW 

Derate above 25X 


2.8 

mW/°C 

Operating and Storage Junction 

Tj/ Tstg 

— 55 to +150 

X 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

200 

°c/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Iq = 100 /u-Adc, Vgg = 0) 

V(BR)CES 

40 

— 

Vdc 

Collector-Emitter Sustaining Voltage(l) (1^ = 10 mAdc, Ib = 0) 

VCEO(sus) 

15 

— 

Vdc 

Collector-Base Breakdown Voltage (Ic = 100 fiA6c, 1^ = 0) 

V(BR)CBO 

40 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 100 ixAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current (Vce = 20 Vdc, Vbe = 0) 

Ices 

— ' 

0.5 

juAdc 

(VcE = 20 Vdc, Vbe = 0, Ta = 65X) 


— 

3.0 



ON CHARACTERISTICSd) 


DC Current Gain (Ic = 30 mAdc, Vce = Vdc) 

dC = 100 mAdc, Vce = 0-5 Vdc) 
dC = 300 mA, Vce = “l O Vdc) 

hpE 

30 

25 

15 

120 

— 

Collector-Emitter Saturation Voltage dc = 30 mAdc, Ib = 3.0 mAdc) 

VCE(sat) 

— 

0.2 

Vdc 

dC = 100 mAdc, Ib = 10 mAdc) 


— 

0.28 


dc = 300 mAdc, Ib = 30 mAdc) 


— 

0.5 


dc = 30 mA, Ib = 3.0 mA, Ta = 65°C) 


— 

0.3 


Base-Emitter Saturation Voltage (Ic = 30 mAdc, Ib = 3.0 mAdc) 

VBE(sat) 

0.73 

0.95 

Vdc 

(Ic = 100 mAdc, Ib = 10 mAdc) 


— 

1.2 


dc = 300 mAdc, Ib = 30 mA) i 

1 

— 





SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 30 mAdc, Vce = 10 Vdc, f = 100 MHz) 


350 

— 

MHz 

Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 

^obo 

— 

5.0 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 1 

o 

Si 

6 

— 

9.0 

i 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vec = 10 Vdc, VBE(off) = 3.0 Vdc, Ic = 300 mAdc, 

Ibi = 30 mAdc) (Figure 1) 

ton 

— 

18 

ns 

Delay Time 

td 

_ 

10 

ns 

Rise Time 

tr 

— 

15 

ns 

Turn-Off Time 

(Vec = 10 Vdc, Ic = 300 mAdc, Ibi = Ib 2 = 30 mAdc) 

toff 

— 

28 

ns 

Fall Time 

(Figure 1) 

tf 

— 

15 

ns 

Storage Time 

(Vce = 10 Vdc, Ic = 10 mAdc, Ibi = IB2 = 10 mAdc) (Figure 2) 

ts 

1 

— 

18 

ns 


(1) Pulse Test: Pulse Width 300 ixs, Duty Cycle 2.0%. 
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MPS3646 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 



FIGURE 2 - CHARGE STORAGE TIME TEST CIRCUIT 


+11 V +10 V 
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MAXIMUM RATINGS 


Rating 

Symbol 

MPS3702 

MPS3703 

Unit 

Collector-Emitter Voltage 

VCEO 

25 

30 

Vdc 

Collector-Base Voltage 

VCBO 

40 

50 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

•c 

600 

mAdc 

Total Device Dissipation @ T^ = 25''C 

pd 

625 

mW 

Derate above 25°C 


5.0 

mwrc 

Operating and Storage Junction 

Tj, Tgtg 

- 55 to +150 

X 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R0JA 

0.2 

°C/W 



ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | UniT 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 10 mAdc, Ib = 0) 

MPS3702 

MPS3703 

V(BR)CEO 

25 

30 

- 

Vdc 

Collector-Base Breakdown Voltage 
dC = 100 AiAdc, Ie = 0) 

MPS3702 

MPS3703 

V(BR)CBO 

40 

50 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 100 fiAdc, Ic = 0) 


V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 20 Vdc, Ie = 0) 


'CBO 

— 

100 

nAdc 

Emitter Cutoff Current 
(Vbe = 3.0 Vdc, Ic = 0) 


iebo 

— 

100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 
dC = 50 mAdc, Vqe = 5.0 Vdc) 

MPS3702 

MPS3703 

hpE 

60 

30 

300 

150 

— 

Collector-Emitter Saturation Voltage(l) 
dC = 50 mAdc, Ib = 5.0 mAdc) 


VCE(sat) 

— 

0.25 

Vdc 

Base-Emitter On Voltage(l) 
dC = 50 mAdc, Vqe = 5.0 Vdc) 

1 

VBE(on) 

1 

0.6 

1 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, Vqe = 5.0 Vdc, f = 20 MHz) 

h 

100 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, f = 1.0 MHz) 

^obo 

— 

12 

PF 


(1) Pulse Test: Pulse Width == 300 fis, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Collector-Base Voltage 

VCBO 

50 

Vdc 

Emitter-Base Voltage 

vebo 

5 

Vdc 

Collector Current — Continuous 

'c 

600 

mAdc 

Total Device Dissipation @ Ta = 25°C 

pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj/ Tstg 

— 55 to +150 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R6»JA 

0.2 

X/W 



ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic | Syrhbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

(IC = 10 mAdc, Ie = 0) 

V(BR)CEO 

30 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 100 AtAdc, Ie = 0) 

V(BR)CBO 

50 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 100 fiA6c, Ic = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 20 Vdc, Ie = 0) 

ICBO 

— 

100 

nAdc 

Emitter Cutoff Current 
(Vbe = 3.0 Vdc, Ic = 0) 

Iebo 

— 

100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 
dC = 50 mAdc, Vqe = 2.0 Vdc) 

MPS3704 

MPS3705 

hpE 

100 

50 

300 

150 


Collector-Emitter Saturation Voltage(l) 


VCEfsat) 



Vdc 

(Ic = 100 mAdc, Ib = 5.0 mAdc) 

MPS3704 


— 

0.6 



MPS3705 


— 

0.8 


Base-Emitter On Voltage(l) 


VBE(on) 

0.5 

1.0 

Vdc 

dC = 100 mAdc, VcE = 2.0 Vdc) 







SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, Vqe = 2.0 V, f = 20 MHz) 


100 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

^obo 

— 

12 

PF 


(1) Pulse Test: Pulse Width = 300 fxs, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Collector-Base Voltage 

VCBO 

55 

Vdc 

Emitter-Base Voltage 

vebo 

3.5 

Vdc 

Collector Current — Continuous 

ic 

0.4 

Adc 

Total Device Dissipation @ T^ = 25°C 

Pd 

625 

mW 

Derate above 25X 


5.0 

mW/X 

Total Device Dissipation @ Tc = 25°C 

Pd 

1.5 

Watts 

Derate above 25°C 


12 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj* Tstg 

-55 to +150 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

X/W 

Thermal Resistance, Junction to Ambient 

R0JA 

200 

x/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc = 5.0 mAdc, Rbe = 10 Q) 

VCER(sus) 

55 

— 

Vdc 

Collector-Emitter Sustaining Voltage 

VcEO(sus) 

30 

— 

Vdc 

dc = 5.0 mAdc, Ib = 0) 





Emitter-Base Breakdown Voltage 

V(BR)EBO 

3.5 

— 

Vdc 

(Ie = 100 /tAdc, Ic = 0) 





Collector Cutoff Current 

•CEO 

— 

0.02 

mAdc 

(VcE = 28 Vdc, IB = 0) 





Collector Cutoff Current 

ICEX 



mAdc 

(VcE = 30 Vdc, Vbe = -1-5 Vdc (Rev.), Tc = 150X) 


— 

5.0 


(VcE = 55 Vdc, Vbe = -1.5 Vdc (Rev.) 


— 

0,1 


Emitter Cutoff Current 

Iebo 

— 

0,1 

mAdc 

(Vbe = 3.5 Vdc, Ic = 0) 






ON CHARACTERISTICS 


DC Current Gain 

dc = 360 mAdc, VcE = 5.0 Vdc)(1) 
dc = 50 mAdc, VcE = 5.0 Vdc) 

hpE 

5.0 

10 

200 

— 

Collector-Emitter Saturation Voltage 
dc = 100 mAdc, Ib = 20 mAdc) 

VcE(sat) 

— 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 50 mAdc, VcE = 15 Vdc, f = 200 MHz) 

fT 

500 

— 

MHz 

Output Capacitance 
(VcB = 28 Vdc, Ie = 0, f = 1.0 MHz) 

Cobo 

— 

3.0 

PF 


FUNCTIONAL TEST 


Amplifier Power Gain 

(Vcc = 28 Vdc, Pout = 1.0 W, f = 400 MHz) 

Gpe 

10 

— 

dB 

Collector Efficiency 

(Vcc = 28 Vdc, Pout = 1.0 W, f = 400 MHz) 

V 

45 

— 

% 


(1) Pulse Test: Pulse Width 300 /as, Duty Cycle 2.0%. 
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MPS3866 


FIGURE 1 - 400 MHz TEST CIRCUIT SCHEMATIC 


Inputs y' 

Cl: 3.0 35 pF 
C2, C5: 8.0 60 pF 
C3: 12pF 
C4: lOOOpF 
C6: 0.9-7.0 pF 
LI. Two turns #1 8 Wire, 
1/4" ID, 1/8" long 
L2: FERRITE RF Choke, 

One Turn, z = 450 Ohms 
L3, L4: RF Choke, 0.1 /xH 

L5: 2-3/4 Turns, #1 8 Wire, 
1/4" ID, 3/16" long 
R1 ; 5.6 Ohms 





RF 

Inputs 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 




MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

vebo 

6.0 

Vdc 

Collector Current — Continuous 

ic 

100 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/X 

Total Power Dissipation @ Ta = 60°C 

Pd 

450 

mW 

Total Device Dissipation @ Tc = 25°C 

Pd 

1.5 

Watts 

Derate above 25°C 


12 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj/ Tstg 

-55 to -1-150 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rejc 

83.3 

X/W 

Thermal Resistance, Junction to Ambient 

R0JA 

200 

x/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

40 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 10 AAdc, Ie = 0) 

V(BR)CBO 

60 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 ^Adc, Ic = 0) 

V(BR)EBO 

6.0 

— 

Vdc 

Collector Cutoff Current 
(VcE = 30 Vdc, VEB(off) = 3.0 Vdc) 

ICEX 

— 

50 

nAdc 

Base Cutoff Current 
(VcE = 30 Vdc,A/EB(off) = 3.0 Vdc) 

»BL 

— 

50 

i 

nAdc 


ON CHARACTERISTICSd) 


DC Current Gain 


hpE 





dC = 0.1 mAdc, VcE = 1.0 Vdc) 

MPS3903 


20 

— 



MPS3904 


40 

— 


dC = 1.0 mAdc, VcE = 1.0 Vdc) 

MPS3903 


35 





MPS3904 


70 

— 


dC = 10 mAdc, VcE = 1-0 Vdc) 

MPS3903 


50 

150 



MPS3904 


100 

300 


dC = 50 mAdc, VcE = 1-0 Vdc) 

MPS3903 


30 





MPS3904 


60 

— 


Ic = 100 mAdc, VcE = 1.0 Vdc) 

MPS3903 


15 





MPS3904 


30 

— 


Collector-Emitter Saturation Voltage 


VCE(sat) 



Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 


— 

0.2 


(Ic = 50 mAdc, Ib = 5.0 mAdc) 



— 

0.3 


Base-Emitter Saturation Voltage 


VBE(sat) 



Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 



0.65 

0.85 


dC = 50 mAdc, Ib = 5.0 mAdc) 




1.1 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

MPS3903 

MPS3904 


150 

200 

- 

MHz 

Output Capacitance 


Cobo 

— 

4.0 

PF 

(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 






Input Capacitance 


Cibo 

— 

8.0 

PF 

(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 






Input Impedance 


hie 



kn 

dC 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

MPS3903 


0.5 

8.0 



MPS3904 


1.0 

10 


Voltage Feedback Ratio 


hre 



X 10-4 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

MPS3903 


0.1 

5.0 



MPS3904 


0.5 

8.0 


Small-Signal Current Gain 


hfe 



— 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

MPS3903 


50 

200 



MPS3904 


100 

400 


Output Admittance 


hoe 

1.0 

40 

//.mhos 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 






Noise Figure 


NF 



dB 

dC = 100 /uAdc, VcE = 5.0 Vdc, Rs = 1.0 kQ, 

MPS3903 


— 

6.0 


f = 10 Hz to 15.7 kHz) 

MPS3904 


— 

5.0 



SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 3.0 Vdc, VBE(off) = 0.5 Vdc, 

Ic = 10 mAdc, Ibi = 1.0 mAdc) 

td 

— 

35 

ns 

Rise Time 

tr 

— 

50 

ns 

Storage Time 

MPS3903 

Is 

— 

800 

ns 


(Vcc = 3.0 Vdc, Ic = 10 mAdc, MPS3904 


— 

900 


Fall Time 

Ibi = IB2 = 1.0 mAdc) 

tf 

— 

90 

ns 


(1) Pulse Test: Pulse Width ^ 300 /js, Duty Cycle ^ 2.0%. 


EQUIVALENT SWITCHING TIME TEST CIRCUITS 
FIGURE 1 - TURN-ON TIME FIGURE 2 - TURN-OFF TIME 



10 < t-| < 500 MS 
Duty Cycle = 2% 


0 



-9.1 



*Total shunt capacitance of test jig and connectors 
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TYPICAL NOISE CHARACTERISTICS 
(VcE = 5.0 Vdc, Ta = 250c ) 


FIGURE 3 - NOISE VOLTAGE 


FIGURE 4 - NOISE CURRENT 
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V.VOlJAGEjyOLTS) VcE, COLLECTOR EMITTER VOLTAGE (VOLTS) hpE. DC CURRENT GAIN 


MPS3903, MPS3904 


TYPICAL STATIC CHARACTERISTICS 


FIGURE 8 > DC CURRENT GAIN 



2 



0.002 0.005 0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 


IB, BASE CURRENT (mA) 


FIGURE 10 - COLLECTOR CHARACTERISTICS 



FIGURE 11 - "ON" VOLTAGES 




0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 

IC, COLLECTOR CURRENT (mA) 
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MPS3903, MPS3904 

TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 13 - TURN ON TIME 


FIGURE 14 - TURN OFF TIME 
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FIGURE 15 - CURRENT-GAIN - BANDWIDTH PRODUCT 


FIGURE 16 CAPACITANCE 



Tj = 250C 
— lf=in0MHz_ 

n 
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III 
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III 


0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 

Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 17 - INPUT IMPEDANCE 


FIGURE 18 - OUTPUT ADMITTANCE 


■■■■■iiiSPHni; 




IC, COLLECTOR CURRENT (mA) 


II 


IC, COLLECTOR CURRENT (mA) 
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MPS3903, MPS3904 


FIGURE 19 - THERMAL RESPONSE 



t, TIME (ms) 



-40 -20 0 +20 +40 +60 +80 +100 +120 +140 +160 


Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 20 



1 1 1 1 1 1 1 1 1 I I I I 

2.0 4.0 6.0 8.0 10 20 40 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


DESIGN NOTE: USE OF THERMAL RESPONSE DATA 

A train of periodical power pulses can be represented 
by the model as shown in Figure 1 9A. Using the model and 
the device thermal response the normalized effective 
transient thermal resistance of Figure 19 was calculated 
for various duty cycles. 

To find Z^jA(t)' multiply the value obtained from 
Figure 19 by the steady state value R^ja- 

Example: 

The l\/IPS3903 is dissipating 2.0 watts peak under the 
following conditions: 

ti = 1.0 ms, t2 = 5.0 ms. (D = 0.2) 

Using Figure 19 at a pulse width of 1.0 ms and D = 0.2, 
the reading of r{t) is 0.22. 

The peak rise in junction temperature is therefore 

AT = r(t) X P(pk) X R0 JA = 0.22 x , 2.0 x 200 = 88°C. 

For more information, see AN-569. 


The safe operating area curves indicate IC'VCE liniits 
of the transistor that must be observed for reliable oper- 
ation. Collector load lines for specific circuits must fall 
below the limits indicated by the applicable curve. 

The data of Figure 20 is based upon Tj(p|<) = 150°C; 
Tc o*" is variable depending upon conditions. Pulse 
curves are valid for duty cycles to 10% provided Tj(p|<) < 
150 C. Tj(pk) may be calculated from the data in Figure 
19. At high case or ambient temperatures, thermal limi- 
tations will reduce the power than can be handled to 
values less than the limitations imposed by second break- 
down. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

•c 

200 

Vdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mWrC 

Total Power Dissipation @ Ta = 60X 

Pd 

450 

mW 

Total Device Dissipation @ Tc = 25°C 

Pd 

1.5 

Watts 

Derate above 25‘’C 


12 

mWrC 

Operating and Storage Junction 

Tjf Tstg 

— 55 to +150 

X 


MPS3906 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 



Temperature Range 

THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rejc 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

200 

°c/w 


GENERAL PURPOSE 
TRANSISTOR 

PNP SILICON 

Refer to 2N5086 for graphs. 


ELECTRICAL CHARACTERISTICS {Jj\ = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dc = 1.0 mAdc, Ig = 0) 

V(BR)CEO 

40 

— 

Vdc 

Collector-Base Breakdown Voltage 
dc = 10 iJbAdc, Ie = 0) 

V(BR)CBO 

40 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 Mdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current 
(VcE = 30 Vdc, VBEfoff) = 3.0 Vdc) 

•CEX 

— 

50 

nAdc 

Base Cutoff Current 
(VcE = 30 Vdc, VBE(off) = 3.0 Vdc) 

•bl 

— 

50 

nAdc 


ON CHARACTERISTICSd) 


DC Current Gain 
dc = 0.1 mAdc, VcE = 1-0 Vdc) 
dc = 1.0 mAdc, VcE = 10 Vdc) 
dc = 10 mAdc, VcE = 10 Vdc) 
dc = 50 mAdc, VcE = 10 Vdc) 
dc = 100 mAdc, VcE = 10 Vdc) 

hPE 

60 

80 

100 

60 

30 

300 

Collector-Emitter Saturation Voltage 

VCE(sat) 


Vdc 

dc = 10 mAdc, Ig = 1.0 mAdc) 


— 

0.25 

dc = 50 mAdc, Ig = 5.0 mAdc) 


— 

0.4 

Base-Emitter Saturation Voltage 

VBE(sat) 


Vdc 

(Ic = 10 mAdc, Ig = 1.0 mAdc) 


0.65 

0.85 

(Ic = 50 mAdc, Ig = 5.0 mAdc) 


— 

0.95 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product 

fr 

250 

— MHz 

dc = 10 mAdc, VcE = 20 V, f = 100 MHz) 
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ELECTRICAL CHARACTERISTICS (continued) (T/^ = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

— 

4.5 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 

Cibo 

— 

10 

PF 

Input Impedance 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hie 

2.0 

12 

k ohms 

Voltage Feedback Ratio 
dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hre 

1.0 

10 

X 10-4 

Small-Signal Current Gain 
dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hfe 

100 

400 

— 

Output Admittance ' 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hoe 

3.0 

60 

)u,mhos 

Noise Figure 

dC = 100 fiAdc, VcE = 5.0 Vdc, Rs = 1.0 k ohm, f = 10 Hz to 15.7 kHz) 

NF 

— 

4.0 

dB 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 3.0 Vdc, VBE(off) = 0.5 Vdc 

td 

— 

35 

ns 

Rise Time 

dC = 10 mAdc, Ibi = 10 mAdc) 

tr 

— 

50 

ns 

Storage Time 

(Vcc = 3.0 Vdc, Ic = 10 mAdc, 

Is 

— 

600 

ns 

Fall Time 

Ibi == IB2 = 10 mAdc) 


— 

90 

ns 


(1) Pulse Test: Pulse Width = 300 /xs, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

MPS4123 

MPS4124 

Unit 

Collector-Emitter Voltage 

VCE 

30 

25 

Vdc 

Collector-Base Voltage 

VCB 

40 

30 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

ic 

200 

mAdc 

Total Power Dissipation @ = 25°C 

pd 

625 

mW 

Derate above 25^ 


5.0 

mW/X 

Total Power Dissipation @ Tc = 25°C 

pd 

1.5 

W 

Derate above 25°C 


12 

mW/X 

Operating and Storage Junction 

Tj. Tstg 

— 55 to +150 

X 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R^ja 

200 

X/W 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 

MPS4123 

V(BR)CEO 

30 

— 

Vdc 

dC = 1.0 mA, Ib = 0) 

MPS4124 

25 

— 


Collector-Base Breakdown Voltage 

MPS4123 

V(BR)CBO 

40 

— 

Vdc 

dC = Ie = 0) 

MPS4124 

30 

— 


Emitter-Base Breakdown Voltage (Iq = 0, Ie = 

10 ^lA) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current (VcB = 20 V, Ie = 0) 

'CBO 

— 

50 

nAdc 

Emitter Cutoff Current (Veb = 3 0 V, Iq = 0) 

•ebo 

— 

50 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 

dC = 2.0 mA, VcE = 1-0 V) MPS4123 

MPS4124 

dC = 50 mA, VcE = 1-0 V) MPS4123 

MPS4124 

hpE 

50 

120 

25 

60 

150 

360 


Collector-Emitter Saturation Voltage 
dC = 50 mA, Ib = 5.0 mA) 

VCE(sat) 

— 

0.3 

Vdc 

Base-Emitter Saturation Voltage 
dC = 50 mA, Ib = 5.0 mA) 

VBE(sat) 

— 

0.95 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mA, VcE = 20 V, f = 100 MHz) 

MPS4123 

MPS4124 

^T 

100 

170 

I 

MHz 

Output Capacitance 


Cob 

— 

4.0 

PF 

(VcB = 5.0 V, Ie = 0, f = 100 kHz) 






Input Capacitance 

MPS4123 

Cib 

— 

14 

PF 

(Vbe = 0.5 V, Ic = 0,f = 100 kHz) 

MPS4124 


— 

13.5 


Small-Signal Current Gain 

MPS4123 

hfe 

50 

200 

_ 

dC = 2.0 mA, VcE = 1.0 V, f = 1.0 kHz) 

MPS4124 


120 

480 


Noise Figure 


NF 



dB 

dC = 100 M, VcE = 5.0 V, Rs = 1.0 kft. 

MPS4123 


— 

6.0 


Noise Bandwidth = 10 Hz to 15.7 kHz) 

MPS4124 


— 

5.0 
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MAXIMUM RATINGS 


Rating 

Symbol 

MPS4125 

MPS4126 

Unit 

Collector-Emitter Voltage 

VCE 

30 

25 

Vdc 

Collector-Base Voltage 

VCB 

30 

25 

Vdc 

Emitter-Base Voltage 

Veb 

4.0 

Vdc 

Collector Current — Continuous 

•c 

200 

mAdc 

Total Power Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

1.5 

W 

Derate above 25^ 


12 

mW/°C 

Operating and Storage Junction 

Tj' Tstg 

— 55 to +150 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R0JA 

200 

°C/W 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 

MPS4125 

V(BR)CEO 

30 

— 

Vdc 

dC = 1.0 mA, Ib = 0) 

MPS4126 

25 

— 


Collector-Base Breakdown Voltage 

IVIPS4125 

V(BR)CBO 

30 

— 

Vdc 

dC = IOaA, Ie = 0) 

MPS4126 

25 

— 


Emitter-Base Breakdown Voltage dc = 0, Ie = 

10 aA) 

V(BR)EBO 

4.0 

— 

Vdc 

Collector Cutoff Current (VcB = 20 V, Ie = 0) 

1 

ICBO 

— 

50 

nAdc 

Emitter Cutoff Current (Veb = 3.0 V, Iq = 0) 

Iebo I 

— 

50 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 

dc = 2.0 mA, VcE = 1.0 V) MPS4125 

MPS4126 

dc = 50 mA, VcE = 1.0 V) MPS4125 

MPS4126 

hpE 

50 

120 

25 

60 

150 

360 


Collector-Emitter Saturation Voltage 
dc = 50 mA, Ib = 5.0 mA) 

VCE(sat) 

— 

0.4 

Vdc 

Base-Emitter Saturation Voltage 
(IC = 50 mA, Ib = 5.0 mA) 

VBE(sat) 

— 

0.95 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 10 mA, VcE = 20 V, f = 100 MHz) 

MPS4125 

MPS4126 

fr 

150 

170 

- 

MHz 

Output Capacitance 


Cob 

— 

4.5 

PF 

(VcB = 5.0 V, Ie = 0, f = 100 kHz) 






Input Capacitance 

MPS4125 

Cjb 

— 

12 

PF 

(Vbe = 0.5 V, Ic = 0,f = 100 kHz) 

MPS4126 


— 

11.5 


Small-Signal Current Gain 

MPS4125 

hfe 

50 

200 

— 

dc = 2.0 mA, VcE = 1.0 V, f = 1.0 kHz) 

MPS4126 


120 

480 


Noise Figure 


NF 



dB 

dc = 100 fiA, VcE = 5.0 V, Rs = 1.0 kft. 

MPS4125 


— 

5.0 


Noise Bandwidth = 10 Hz to 15.7 kHz) 

MPS4126 


— 

4.0 



MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


2-335 






MAXIMUM RATINGS 


Rating 

Symbol 

MPS4250 

MPS4249 

MPS4250A 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

60 

Vdc 

Collector-Emitter Voltage 

VCES 

40 

60 

Vdc 

Collector-Base Voltage 

VCBO 

40 

60 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

5.0 

Vdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

625 

mW 

Derate above 25°C 


5.0 

5.0 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

pd 

1.5 

1.5 

mW 

Derate above 25*C 


12 

12 

mW/°C 

Total Device Dissipation @ Tq = 100°C 





Derate above 100°C 

Pd I 




Operating and Storage Junction 

Tjf Tstg 

-55 to +125 

°C 

Temperature Range 




Junction Temperature 

Tj 

125 

°C 

Lead Temperature (10 seconds) 

tl 

260 

°C 


IVIPS4249 

IVIPS4250 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 



TRANSISTORS 

PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 fiA] 
dC = 5.0 mA) 

MPS4249 

MPS4250 

V{BR)CES 

60 

40 

- 

Vdc 

Collector-Emitter Sustaining Voltage(l) 


V(BR)CEO{sus) 



Vdc 

dC = 5.0) 

MPS4250 


40 

— 


dC = 5.0) 

MPS4249 


60 

— 


Col lector- Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dC = 10 fiA) 

MPS4250 


40 

— 


dC = 10 fxA) 

MPS4249 


60 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 10 mA) 






Collector Cutoff Current 


'CBO 



nA 

(VcB = 40 V) 

MPS4249 


— 

10 


(VcB = 50 V) 

MPS4250 


— 

10 


(VcB = 40 V, Ta = 65°C) 

MPS4249, MPS4250 


— 

3.0 


Emitter Cutoff Current 


Iebo 

— 

20 

nA 

(Vbe = 3.0 V) 







ON CHARACTERISTICS 


DC Current Gain 

dC = 100 /xA, VcE = 5.0 V) MPS4249 

dC = 1.0 mA, VcE = 5.0 V) MPS4249 

dC = 1.0 mA, VcE = 5.0 V) MPS4250 

dC = 10 mA, VcE = 5.0 V) MPS4249 

dC = 10 mA, VcE = 5.0 V) MPS4250 

hpE 

100 

100 

250 

100 

250 

300 


Collector-Emitter Saturation Voltage(l) 
dC = 10 mA, Ib = 0.5 mA) 

VCE(sat) 

— 

0.25 

Vdc 

Base-Emitter Saturation Voltage(l) 
dC = 10 mA, Ib = 0.5 mA) 

VBE(sat) 

— 

0.9 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 

^obo 

— 

6.0 

PF 

(VcB = 5.0 V,f = 1.0 MHz) 

i 
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MPS4249, MPS4250 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 


Input Capacitance 


o 

.Q 

6 

— 

16 

PF 

(Vbe = 0.5 V,f = 1.0 MHz) 






Small-Signal Current Gain 


hfe 



— 

dC = 1.0 mA, VcE = 5.0 V, f = 1.0 kHz) 

MPS4249 


100 



dC = 1.0 mA, VcE = 5.0 V, f = 1.0 kHz) 

MPS4250,A 


250 



dC = 0.5 mA, VcE = 5.0 V, f = 20 MHz) 

MPS4249,50 


2.0 



Noise Figure 


NF 


■m 


dC = 20 fiA, VcE = 5.0 V, Rs = 10 kH, 
f = 1.0 kHz, Pbw = 150 Hz) 

MPS4250,A 





dC = 20 ixA, VcE = 5.0 V, Rs = 10 kH, 
f = 1.0 kHz, Pbw = 150 Hz) 

MPS4249 


_ 

B 


dC = 250 fiA, VcE = 5.0 V, Rs = 1.0 kft, 
f = 1.0 kHz, Pbw = 150 Hz) 

MPS4250,A 


_ 



dC == 250 fiA, VcE = 5.0 V, Rs = 1.0 kft, 
f = 1.0 kHz, Pbw = 150 Hz) 

MPS4249 


_ 




(1) Pulse Test; Pulse Width = 300 fis. Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

12 

Vdc 

Collector-Base Voltage 

VCBO 

12 

Vdc 

Emitter-Base Voltage 

Vebo 

4.5 

Vdc 

Collector Current — Continuous 

'c 

80 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


12 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

1.5 

Watts 

Derate above 25X 


12 

mW/°C 

Operating and Storage Junction 

Tj/ Tstg 

— 55 to +150 

X 

Temperature Range 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

X/W 

Thermal Resistance, Junction to Ambient 

R6»JA 

200 

x/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 100 jaAdc, Vbe = 0) 

V(BR)CES 

12 

— 

Vdc 

Collector-Emitter Sustaining Voltage(l) 

VCEO(sus) 

12 

— 

Vdc 

dC = 3.0 mAdc, Ib = 0) 





Collector-Base Breakdown Voltage 

V(BR)CBO 

12 

— 

Vdc 

dc = 100 fxAdc, Ie = 0) 





Emitter-Base Breakdown Voltage 

V(BR)EBO 

4.5 

— 

Vdc 

(Ie = 100 /iAdc, Ic = 0) 





Collector Cutoff Current 

Ices 



/iAdc 

(VcE = 6.0 Vdc, Vbe = 0) 


— 

0.01 


(VcE = 6.0 Vdc, Vbe = 0, Ta = +65X) 


— 

5.0 



ON CHARACTERISTICS! 1) 


DC Current Gain 
dc = 1.0 mAdc, VcE = 0.5 Vdc) 
dc = 10 mAdc, VcE = 3.0 Vdc) 
dc = 50 mAdc, VcE = T -0 Vdc) 

hpE 

15 

30 

30 

120 


Collector-Emitter Saturation Voltage 

VCE(sat) 



Vdc 

dc = 10 mAdc, Ib = 1.0 mAdc) 


— 

0.15 


dc = 50 mAdc, Ib = 5.0 mAdc) 


— 

0.5 


Base-Emitter On Voltage 

VBE(sat) 



Vdc 

dc = 10 mAdc, Ib = 1.0 mAdc) 


0.75 

0.95 


(IC = 50 mAdc, Ib = 5.0 mAdc) 


— 

1.5 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dc = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

fr 

700 

— 

MHz 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

^^ibo 

— 

3.5 

PF 

Collector-Base Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 

Ccb 

— 

3.0 

PF 
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MPS4258 


ELECTRICAL CHARACTERISTICS (continued) (T/\ = 25X unless otherwise noted.) 

Characteristic [ Symbol | Min | Max | Unit 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 1.5 Vdc, 

VBE(off) = 0, 

IC = 10 mAdc, Ibi =1.0 mAdc) 

Ion 

— 

15 

ns 

Delay Time 

td 

_ 

10 

ns 

Rise Time 

tr 

— 

15 

ns 

Turn-Off Time 

(Vcc =1-5 Vdc, 

IC = 10 mAdc, 

Iri = IB2 = 10 mAdc) 

toff 

— 

20 

ns 

Storage Time 

ts 

— 

20 

ns 

Fall Time 

tf 

— 

10 

ns 

Storage Time 

(IC 10 mAdc, Ibi *= 10 mAdc, Ib 2 10 rnAdc) 

ts 

— 

20 

ns 


(1) Pulse Test; Pulse Width ^ 300 /is, Duty Cycle 2.0%. 

(2) fj is defined as the frequency at which |hfe| extrapolates to unity. 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 




Vin 

Volts 

vbb 

Volts 

Vcc 

Volts 

R1 

Ohms 

R2 

Ohms 

R3 

Ohms 

ic 

mA 

Ibi 

mA 

lB2 

mA 

ton 

-5.8 

GND 

-1.5 

130 

2.2 k 

5k 

10 

1.0 

- 

toff 

+9.8 

-8.0 

-1.5 

130 

2.2 k 

5k 

10 

1.0 

1.0 

ts 

+9.0 

-10 i 

-3.0 

270 

510 

390 

10 

10 

10 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

12 

Vdc 

Collector-Base Voltage 

VCBO 

20 

Vdc 

Emitter-Base Voltage 

Vebo 

2.5 

Vdc 

Collector Current — Continuous 

'c 

50 

mAdc 

Total Device Dissipation @ = 25°C 

Pd 

200 

mW 

Derate above 25°C 


1.14 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

300 

mW 

Derate above 25°C 


1.71 

mW/°C 

Storage Temperature Range 

Istg 

- 55 to +150 

°C 


MPS5179 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 



HIGH FREQUENCY TRANSISTOR 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (T/i^ = 25X unless otherwise noted.) 

Characteristic [ Symbol \ Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
dC = 3.0 mAdc, Ib = 0) 

VcEO(sus) 

12 

_ 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

20 

— 

Vdc 

dC = 0.001 mAdc, Ie = 0) 





Emitter-Base Breakdown Voltage 

V{BR)EBO 

2.5 

— 

Vdc 

(Ie = 0.01 mAdc, Ic = 0) 





Collector Cutoff Current 

ICBO 



/xAdc 

(VcB = 15 Vdc, Ie = 0) 


— 

0.02 


(VcB = 15 Vdc, Ie = 0, Ta = 150°C) 


— 

1.0 



ON CHARACTERISTICS 


DC Current Gain 
dC = 3.0 mAdc, VqE = 1-0 Vdc) 

hpE 

25 

250 

— 

Collector-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 1.0 mAdc) 

VCE(sat) 

— 

0.4 

Vdc 

Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 

VBE(sat) 

— 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(l) 
dC = 5.0 mAdc, Vqe = 6.0 Vdc, f = 100 MHz) 

fT 

900 

2000 

MHz 

Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 0.1 to 1.0 MHz) 

Ccb 

_ 

1.0 

PF 

Small Signal Current Gain 
dC = 2.0 mAdc, Vqe = 6.0 Vdc, f = 1.0 kHz) 

hfe 

25 

300 

— 

Collector Base Time Constant 
(Ie = 2.0 mAdc, Vqb = 6.0 Vdc, f = 31.9 MHz) 

rb'Cc 

3.0 

14 

ps 

Noise Figure (See Figure 1) 

dC = 1.5 mAdc, VcE = 6.0 Vdc, Rs = 50 ohms, f = 200 MHz) 

NF 

— 

5.0 

dB 

Common-Emitter Amplifier Power Gain (See Figure 1) 

(VcE = 6.0 Vdc, Ic = 5.0 mAdc, f = 200 MHz) 

Gpe 

15 

— 

dB 


(1) fj is defined as the frequency at which jhfel extrapolates to unity. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

20 

Vdc 

Collector-Base Voltage 

VCBO 

30 

Vdc 

Emitter-Base Voltage 

Vebo 

3.0 

Vdc 

Collector Current — Continuous 

ic 

50 

mAdc 

Total Device Dissipation @ Ta = 25^ 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.5 

Watt 

Derate above 25°C 


12 

nriW/X 

Operating and Storage Junction 
Temperature Range 

Tj. Tstg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

RftjAd) 

200 

x/w 


(1) R^JA 'S measured with the device soldered into a typical printed circuit board. 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min [ Typ [ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage{2) 
dC = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

20 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 

V{BR)CBO 

30 

— 

— 

Vdc 

dC = 100 ixAdc, Ie = 0) 






Emitter-Base Breakdown Voltage 

V(BR)EBO 

3.0 

— 

— 

Vdc 

de = 100 /xAdc, Ic = 0) 






Collector Cutoff Current 

ICBO 





(VcB = 15 Vdc, Ie = 0) 1 


— 

— 

50 

nAdc 

(VcB = 15 Vdc, lE = 0, Ta = 60°C) 


— 

— 

1.0 

/uAdc 


ON CHARACTERISTICS 


DC Current Galn(2) 

hpE 

25 

75 





(Ic = 2.0 mAdc, VcE = 10 Vdc) 







SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

n 

700 

800 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

— 

1.25 

2.5 

PF 

Small-Signal Current Gain 
dC = 2.0 mAdc, VcE = 10 Vdc, f = 44 MHz) 

hfe 

20 

— 

— 

— 


(2) Pulse Test: Pulse Width 300 ns, Duty Cycle 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

NPN 

PNP 

Unit 

Collector-Emitter Voltage 

VCEO 



Vdc 

MPS6520, MPS6521 


25 

— 


MPS6523 


— 

25 


Collector-Base Voltage 

VCBO 



Vdc 

MPS6520, MPS6521 


40 

— 


MPS6523 


— 

25 


Emitter-Base Voltage 

Vebo 

4.0 

Vdc 

Collector Current — Continuous 

•c 

100 

mAdc 

Total Device Dissipation @ = 25°C 

pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.5 

Watts 

Derate above 25^ 


12 

mW/°C 

Operating and Storage Junction 

Tj/ Tstg 

— 55 to -t- 1 50 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 
(Printed Circuit Board Mounting) 

R0JA 

200 

°C/W 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

x/w 


NPN 

IVIPS6520 

IVIPS6521 


3 Collector 



1 Emitter 


PNP 

IVIPS6523 


3 Collector 



1 Emitter 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 



AMPLIFIER TRANSISTORS 


Refer to MPS3903 for NPN graphs.* 


2 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 



*Refer to 2N5086 for PNP graphs. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

600 

mAdc 

Total Device Dissipation @ = 25°C 

Derate above 25°C 

pd 

625 

mW 

Junction Temperature 

Tjr Tgtg 

150 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R0JA 

0.2 

X/mW 

ELECTRICAL CHARACTERISTICS (Ta = 

25°C unless otherwise noted.) 


Characteristic 



Symbol | Min [ Max \ Unit ~} 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mAdc, Ig = 0) 

V(BR)CEO 

40 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CB0 

60 

— 

Vdc 

(Ic = 10 jitAdc, Ig = 0) 





Emitter-Base Breakdown Voltage 

V{BR)EBO 



Vdc 

(Ig = 10 /xAdc, Ic = 0) 


5.0 

— 


(Ig = 10 /xAdc, Ic = 0) 


4.0 

— 


Collector Cutoff Current 

'CBO 



fiAdc 

(VcB = 40 Vdc, Ig = 0) 


— 

0.05 


(VcB = 40 Vdc, Ig = 0, Ta = 60°C) 


— 

2.0 



ON CHARACTERISTICS 


DC Current Gain 
dC = 10mAdc,Vcg = 1.0 Vdc) 

(Ic = 100 mAdc, Vcg = 1.0 Vdc) 

dC = 500 mAdc, Vcg = 10 Vdc) 

MPS6530 

MPS6531 

MPS6530 

MPS6531 

MPS6530 

MPS6531 

hpE 

30 

60 

40 

90 

25 

50 

120 

270 


Collector-Emitter Saturation Voltage 


VCE(sat) 



Vdc 

dC = 100 mAdc, Ig = 10 mAdc) 

MPS6530 


— 

0.5 



MPS6531 


— 

0.3 


Base-Emitter Saturation Voltage 


VBE(sat) 

_ 

1.0 

Vdc 

dC = 100 mAdc, Ig = 10 mAdc) 







SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 

^obo 



PF 

(VcB = 10 Vdc, Ig = 0, f = 1.0 MHz) 


— 

5.0 


(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


— 

7.0 
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MPS6534 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

4.0 

Vdc 

Collector Current — Continuous 

'c 

600 

mAdc 

Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Pd 

625 

mW 

Junction Temperature 

Tj/ Tgtq 

150 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R6»JA 

0.2 

X/mW 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 



AMPLIFIER TRANSISTOR 

PNP SILICON 


Refer to 2N4402 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic I Symbol I Min I Max ^ Unit 


OFF CHARACTERISTICS 


Co Hector- Emitter Breakdown Voltage 
(IC = 10 mAdc, Ib = 0) 

V(BR)CEO 

40 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

40 

— 

Vdc 

(Iq = 10 ixAdc, Ie = 0) 





Emitter-Base Breakdown Voltage 

V(BR)EBO 



Vdc 

(Ib = 10 jitAdc, Ic = 0) 


5.0 

— 


(Ib = 10 ixAdc, Ic = 0) 


4.0 

— 


Collector Cutoff Current 

ICBO 



IxAdc 

(VcB = 30 Vdc, Ie = 0) 


— 

0.05 


(VcB = 30 Vdc, Ie = 0, Ta = 60X) 


— 

2.0 


(VcB = 20 Vdc, Ie = 0, Ta = 60X) 


— 

~ i 



ON CHARACTERISTICS 


DC Current Gain 
dC = 10 mAdc, VcE = 1-0 Vdc) 
dC = 100 mAdc, VcE = 1-0 Vdc) 
dC = 500 mAdc, Vqe = 10 Vdc) 

hpE 

60 

90 

50 

270 


Collector-Emitter Saturation Voltage 
(Ic = 100 mAdc, Ib = 10 mAdc) 

VcE(sat) 

— 

0.3 

Vdc 

Base-Emitter Saturation Voltage 
dC = 100 mAdc, Ib = 10 mAdc) 

VBE(sat) 

— 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 

O^obo 



PF 

(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


— 

5.0 


(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


— 

7.0 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 


Vdc 

Collector-Base Voltage 

VCBO 

25 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

500 

mAdc 

Total Device Dissipation @ T/x = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/X 

Total Device Dissipation @ Tc = 25°C 

Pd 

1.5 

Watts 

Derate above 25°C 


12 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj' T^stg 

-55 to +150 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rfljc 

83.3 

X/mW 

Thermal Resistance, Junction to Ambient 

R0Ja(i) 

200 

X/mW 


'S measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (T/x = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Max | Unit 1 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

25 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 100 fiAdc, Ie = 0) 

V(BR)CBO 

25 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 100 fjLAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current 
(VcE = 25 Vdc, Ib = 0) 

'CEO 

— 

100 

nAdc 

Collector Cutoff Current 
(VcB 20 Vdc, Ie = 0) 



>CBO 

— 

100 

nAdc 

Emitter Cutoff Current 
(VEB(off) = 4.0 Vdc, Ic = 0) 

Iebo 

— 

100 

nAdc 


ON CHARACTERISTICS(2) 


DC Current Gain 
dC = 10 mAdc, VcE = 10 Vdc) 
dC = 100 mAdc, VcE = 10 Vdc) 
dC = 500 mAdc, VcE = 10 Vd?) 

hpE 

35 

50 

50 

200 



Collector-Emitter Saturation Voltage 
(Ic = 500 mAdc, Ib = 50 mAdc) 

VcE(sat) 

— 

0.5 

Vdc 

Base-Emitter On Voltage 
dC = 500 mAdc, VcE = 10 Vdc) 

VBE(on) 

— 

1.2 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VcE = 10 Vdc, f = 30 MHz) 

fr 

60 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

— 

30 

PF 


(2) Pulse Test: Pulse Width < 300 /xs, Duty Cycle < 2.0%. 
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Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

20 

Vdc 

Collector-Base Voltage 

VCBO 

20 

Vdc 

Emitter-Base Voltage 

Vebo 

3.0 

Vdc 

Collector Current — Continuous 

ic 

50 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

350 

mW 

Derate above 25X 


2.8 

mW/X 

Total Device Dissipation @ Tq = 25°C 

pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj/ Tstg 

- 55 to +150 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Cased) 

R0JC 

83.3 

X/W 

Thermal Resistance, Junction to Ambient 

R^ja 

200 

x/w 


(1) Rqja is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 1 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

20 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 100 /lAdc, Ie = 0) 

V(BR)CBO 

20 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 100 fjiAdc, Ic = 0) 

V(BR)EBO 

3.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 10 Vdc, Ic = 0) 

'CBO 

— 

50 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 1 

dC = 4.0 mAdc, VcE = 5.0 Vdc) 

hPE 

20 

200 

— 

Collector-Emitter Saturation Voltage ^ 

dC = 10 mAdc, Ib = 5.0 mAdc) 

VCE(sat) 

0.1 

3.0 

Vdc 

Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ib = 5.0 mAdc) 

VBE(sat) 

— 

0.96 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 4.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

MPS6568A 

MPS6569A, MPS6570A 

It 

375 

300 

800 

800 

MHz 

Collector-Base Capacitance 


Ccb 

— 

0.65 

PF 

(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz, emitter guarded) 

MPS6568A/6570A ! 





Noise Figure 


NF 



dB 

(VaGC = 1-4 Vdc, Rs = 50 ohms, f = 200 MHz) 

MPS6568A 


— 

3.3 


(VaGC = 2.75 Vdc, Rs = 50 ohms, f = 45 MHz) 

MPS6569A, MPS6570A 


— 

6.0 



FUNCTIONAL TEST 


Amplifier Power Gain 

(VaGC = 1-4 Vdc, Rs = 50 ohms, f = 200 MHz) MPS6568A 

(VaGC = 2.75 Vdc, Rs = 50 ohms, f = 45 MHz) MPS6569A, MPS6570A 

Gpe 

20 

22.5 

27 

28.5 

dB 

Forward AGC Voltage 

vagc 



Vdc 

(Gain Reduction = 30 dB, Rs == 50 ohms, f = 200 MHz) MPS6568A 


4.0 

5.0 


(Gain Reduction = 30 dB, Rs = 50 ohms, f = 45 MHz) MPS6569A 


4.4 

5.4 


MPS6570A 


5.2 

6.2 
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POWER GAIN (dB) 


MPS6568A thru MPS6570A 



AGC CHARACTERISTICS 

Vcc = 12 Vdc, Rs - 50 OHMS, SEE FIGURES 9 AND 10 


FIGURE 1 — POWER GAIN 


f = 45MHz 



VaGC, automatic gain control voltage (VOLTS) 



0 1.0 2.0 3.0 4.0 5.0 6.0 

VaGC. automatic gain CONTROL VOLTAGE (VOLTS) 


FIGURE 3 — 200 MHz FUNCTIONAL TEST CIRCUIT FIGURE 4 — 45 MHz FUNCTIONAL TEST CIRCUIT 

(NEUTRALIZED) (UNNEUTRALIZED) 
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IVIPS6571 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

20 

Vdc 

Collector-Base Voltage 

VCBO 

25 

Vdc 

Emitter-Base Voltage 

vebo 

3.0 

Vdc 

Collector Current — Continuous 

•c 

50 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

pd 

1.5 

Watts 

Derate above 25X 


12 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj. Tstg 

- 55 to -1-150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R0JA 

200 

°c/w 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

x/w 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


3 Collector 


1 Emitter 

AMPLIFIER TRANSISTOR 

NPN SILICON 


Refer to MPSA18 for graphs. 




ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dc = 1-0 mAdc, Ib = 0) 

V(BR)CEO 

20 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
dc = 100 fiAdc, Ie = 0) 

V(BR)CBO 

25 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 20 Vdc, Ie = 0) 

•CBO 

— 

— 

50 

nAdc 

Emitter Cutoff Current 
<VEB(off) = 3 0 Vdc, Ic = 0) 

•ebo 

— 

— 

50 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
(Ic = 100 /xAdc, VcE = 5.0 Vdc) 

hpE 

250 

— 

1000 

— 

Collector-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 1.0 mAdc) 

VCE(sat) 

— 

— 

0.5 

Vdc 

Base-Emitter On Voltage 
dc = 10 mAdc, VcE = 5.0 Vdc) 

VBE(on) 

— 

~~ 



0.8 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 500 /uAdc, VcE = 5.0 Vdc, f = 20 MHz) 

fr 

50 

175 

_ 

MHz 

Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

— 

— 

4.5 

PF 

Noise Figure 

dc = 100 /lAdc, VcE = 5.0 Vdc, Rs = 10 kohms, f = 100 Hz) 

NF 

— 

1.2 

1 

dB 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 


Vdc 

MPS6601/6651 


25 


MPS6602/6652 


40 


Collector-Base Voltage 

VCBO 


Vdc 

MPS6601/6651 


25 


MPS6602/6652 


30 


Emitter-Base Voltage 

Vebo 

4.0 

Vdc 

Collector Current — Continuous 

ic 

1000 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

1.5 

Watts 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 

Tj/ Tstg 

- 55 to -1-150 

X 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R(9JC 

83.3 

X/W 

Thermal Resistance, Junction to Ambient 

R0JA<i) 

200 

x/w 


(1) R^ja is measured with the device soldered into a typical printed circuit board. 


NPN 

MPS6601 

IVIPS6602 


3 Collector 



1 Emitter 


PNP 

MPS6651 

IVIPS6652 


3 Collector 



1 Emitter 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 



AMPLIFIER TRANSISTORS 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 

MPS6601/6651 

MPS6602/6652 

V(BR)CEO 

25 

40 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dC = 100 fiAdc, Ie = 0) 

MPS6601/6651 


25 

— 



MPS6602/6652 


40 

— 


Emitter-Base Breakdown Voltage 


V(BR)EB0 

4.0 

— 

Vdc 

(Ie = 10 )u,Adc, Iq = 0) 






Collector Cutoff Current 


'CEO 



/xAdc 

(VcE = 25 Vdc, Ib = 0) 

MPS6601/6651 


— 

0.1 


(VcE = 30 Vdc, Ib = 0) 

MPS6602/6652 


— 

0.1 


Collector Cutoff Current 


'CBO 



/lAdc 

(VcB = 25 Vdc, Ie = 0) 

MPS6601/6651 


— 

0.1 


(VcB = 30 Vdc, Ie = 0) 

MPS6602/6652 


— 

0.1 



ON CHARACTERISTICS 


DC Current Gain 

dC = 100 mAdc, VcE = 1-0 Vdc) 
dC = 500 mAdc, Vqe = 1-0 Vdc) 
dC = 1000 mAdc, Vqe = TO Vdc) 

hPE 

50 

50 

30 

- 


Collector-Emitter Saturation Voltage 
dC = 1000 mAdc, Ib = 100 mAdc) 

VCE(sat) 

— 

0.6 

Vdc 

Base-Emitter On Voltage 
dC = 500 mAdc, Vqe = TO Vdc) 

VBE(on) 

— 

1.2 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, VcE = 10 Vdc, f = 30 MHz) 

^T 

100 


MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

— 

30 

PF 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 40 Vdc, Ic = 500 mAdc, 

Ibi = 50 mAdc, 

tp ^ 300 ns Duty Cycle) 

td 

— 

25 

ns 

Rise Time 

tr 

— 

30 

ns 

Storage Time 

Is 

— 

250 

ns 

Fall Time 

!f 

— 

50 

ns 
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fT, CURRENT-GAIN-BANDWIOTH PRODUCT (MHz) 


NPN MPS6601, MPS6602, PNP MPS6651, MPS6652 


FIGURE 1 - SWITCHING TIME TEST CIRCUITS 


Turn-on Time 


Turn-off Time 




Total Shunt Capacitance of Tost Jig and Connectors 
For PNP Test Circuits, Reverse All Voltage Polarities 


NPN 


PNP 


FIGURE 2 - MPS6601/6602 DC CURRENT GAIN 



10 100 1000 


Ic. COLLECTOR CURRENT (mA) 



10 100 1000 


Ic, COLLECTOR CURRENT (mA) 



10 100 200 1000 



10 100 200 1000 


•C, COLLECTOR CURRENT (mA) 


•C, COLLECTOR CURRENT (mA) 
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NPN MPS6601, MPS6602, PNP MPS6651, MPS6652 


FIGURE 6 - ON VOLTAGES 


VbE(SAT) @ lc/>B= 10 


FIGURE 7 - ON VOLTAGES 


'5°c' I j 

I VbE(SAT) @ 'c/'B = 10 


=t-mii II I I M 1 1 II 

" VbE(ON) @ Vce = 1 0 V 


I I I MIL 

VbE(ON) @ VCE = 10 vf 

— H 


"VCE(SAT) @ IC /Ib= 10~ 


I VCE(SAT) @ 'C /Ib= lot 


10 100 1000 
IC, COLLECTOR CURRENT (mA) 


10 100 1000 
IC, COLLECTOR CURRENT (mA) 


NPN 

FIGURE 8 - CAPACITANCE 









— 

T 

— 

j = 25' 

C 












. 



























*^ib 

























■ ' 


' 



Ilob 



PNP 

FIGURE 9 - CAPACITANCE 


,b 5 0 10 15 20 25 Cob 

b 10 20 30 40 50 C,b 

Vr, REVERSE VOLTAGE (VOLTS) 









T 

— 

J = 25^ 

c 
























— 









r 

— 







h 


'Cib 

- 

— _ 









' ■ 




i 


1 





^OD 




10 20 30 

Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 10 - MPS6601/6602 NOISE FIGURE 

iTni rnTTr i r in i iiiii i i i i ririii 



100 Ik 

Rs, SOURCE RESISTANCE (OHMS) 


FIGURE 11 - MPS6651/6652 NOISE FIGURE 


VcE = 5.0 V 
f= 1.0 kHz 
Ta = 25°C 



100 Ik 10k 

Rs, SOURCE RESISTANCE (OHMS) 
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Ic, COLLECTOR CURRENT (mA) 


NPN MPS6601, MPS6602, PNP MPS6651, MPS6652 


FIGURE 12 — MPS6601/6602 SWITCHING TIMES 


td @ ''BE(off) = 0.5 V 

VcC = ^0 V 
1 c/1b = io 
'B1=IB2 
Tj = 25°C 


FIGURE 13 — MPS6651/6652 SWITCHING TIMES 




Ic, COLLECTOR CURRENT (mA) 


Iq, COLLECTOR CURRENT (mA) 


FIGURE 14 — BASE-EMITTER TEMPERATURE COEFFICIENT FIGURE 15 — BASE-EMITTER TEMPERATURE COEFFICIENT 

-°'‘i II 1 1 mill II 1 1 mill II 1 1 mill ii iiiiiiii -°°rTTTrTMmTiiiiiii ii iiiiiiii wVM 


-1.6 I I Mill II - - L 

RflVBforVBE 



Ic, COLLECTOR CURRENT (mA) 


4 

0 10 100 1000 
Ic, COLLECTOR CURRENT (mA) 


FIGURE 16 - SAFE OPERATING AREA 


— — — — Current Limit 

^ _ Thermal Limit 

Q Second Breakdown Limit 

1.0 2.0 5.0 10 20 40 

VcE COLLECTOR - EMIHER VOLTAGE 


FIGURE 17 — SAFE OPERATING AREA 




■iJi 

mmmmmmm 

■■■■■■ 


SSh 

■■■■II 

in 

mill 

■ 


■■■ill 


VcE COLLECTOR - EMITTER VOLTAGE 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 


Vdc 

MPS6714 


30 


MPS6715 


40 


Collector-Base Voltage 

VCBO 


Vdc 

MPS6714 


40 


MPS6715 


50 


Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

Ic 

1.0 

Adc 

Total Device Dissipation @ Ta = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/X 

Total Device Dissipation @ Tc = 25°C 

Pd 

2.5 

Watts 

Derate above 25°C 


20 

mW/°C 

Operating and Storage Junction 

Tj/ Tstg 

- 55 to -1-150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R6IJC 

50 

°C/W 

Thermal Resistance, Junction to Ambient 

RejA 

125 

°c/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min I Max 1 Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage! 1) 

(Iq = 10 mAdc, Ib = 0) 

MPS6714 

MPS6715 

V(BR)CEO 

30 

40 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dC = 100 ixAdc, Ie = 0) 

MPS6714 


40 

— 



MPS6715 


50 



Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 100 /xAdc, Ic = 0) 






Collector Cutoff Current 


ICBO 



/xAdc 

(VcB = 40 Vdc, Ie = 0) 

MPS6714 


— 

0.1 


(VcB = 50 Vdc, Ie = 0) 

MPS6715 


— 

0.1 


Emitter Cutoff Current 


Iebo 

_ 

0.1 

/xAdc 

(Veb = 5.0 Vdc, Ic = 0) 







ON CHARACTERISTICS! 1) 


DC Current Gain 

dC = 100 mAdc, VcE = 10 Vdc) 
dC = 1000 mAdc, VcE = 10 Vdc) 

hPE 

60 

50 

250 

— 

Collector-Emitter Saturation Voltage 
dC = 1000 mAdc, Ib = 100 mAdc) 

VCE(sat) 

— 

0.5 

Vdc 

Base-Emitter On Voltage 
dC = 1000 mAdc, VcE = 10 Vdc) 

VBE{on) 

1 

1.2 

1 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance j 

(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Ccb 

— 

30 

PP 

Small-Signal Current Gain 
dC = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

hfe 

2.5 

25 

— 


(1) Pulse Test: Pulse Width ^ 30 /xs, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

MPS6516 

MPS6517 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

80 

Vdc 

Collector-Base Voltage 

VCBO 

60 

80 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

500 

mAdc 

Total Device Dissipation @ Ta == 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

2.5 

Watts 

Derate above 25°C 


20 

mW/X 

Operating and Storage Junction 

Tj. Tstg 

- 55 to +150 

X 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

50 

X/W 

Thermal Resistance, Junction to Ambient 

R0JA 

125 

xw 


MPS6716 

MPS6717 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 



ONE WATT 

AMPLIFIER TRANSISTORS 


NPN SILICON 


Refer to MPSW05 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | UnilT 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dc = 1.0 mAdc, B = 0) 

MPS6716 

MPS6717 

V(BR)CEO 

60 

80 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dc = 100 fiAdc, Ie = 0) 

MPS6716 


60 

— 



MPS6717 


80 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 10 /aAdc, Ic = 0) 






Collector Cutoff Current 


'CBO 



/aAdc 

(VcB = 40 Vdc, Ie = 0) 

MPS6716 


— 

0.1 


(VcB = 60 Vdc, Ie = 0) 

MPS6717 


— 

0.1 


Emitter Cutoff Current 


iebo 

— 

10 

/LtAdc 

(Veb = 5.0 Vdc, Ic = 0) 







ON CHARACTERISTICSd) 


DC Current Gain 
dc = 50 mAdc, VcE = 1-0 Vdc) 
dc = 250 mAdc, VcE = 1-0 Vdc) 

hpE 

80 

50 

250 

— 

Collector-Emitter Saturation Voltage 
dc = 250 mAdc, Ib = 10 mAdc) 

VcE{sat) 

— 

0.5 

Vdc 

Base-Emitter On Voltage 
dc = 250 mAdc, VcE = 1-0 Vdc) 

VBE{on) 

— 

1.2 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Ccb 

— 

30 

PP 

Small-Signal Current Gain 
dc = 200 mAdc, VcE = 5.0 Vdc, f = 20 MHz) 

hfe 

2.5 

25 

— 


(1) Pulse Test: Pulse Width ^ 300 /as. Duty Cycle ^ 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 








IVIPS6724 

IVIPS6725 


MAXIMUM RATINGS 


Rating 

Symbol 

MPS6724 

MPS6725 

Unit 

Collector-Emitter Voltage 

VCES 

40 

50 

Vdc 

Collector-Base Voltage 

VCBO 

50 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

12 

Vdc 

Collector Current — Continuous 

ic 

1000 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Total Device Dissipation (g) Tq = 25°C 

Pd 

2.5 

Watts 

Derate above 25°C 


20 

mW/°C 

Operating and Storage Junction 

7j/ Tstg 

— 55 to -1-150 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

50 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

125 

x/w 


CASE 29-03, STYLE 1 
(TO-226AE) 



NPN SILICON 

Refer to 2N6426 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol I Mhi \ Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage! 1) 
dC = 1.0 mAdc, Ib = 0) 

MPS6724 

MPS6725 

V(BR)CES 

40 

50 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 




(Ic =1.0 fiAdc, Ie = 0) 

IVIPS6724 


50 

— 

Vdc 


MPS6725 


60 

— 

Vdc 

Emitter-Base Breakdown Voltage 


V(BR)EBO 

12 

— 

Vdc 

(Ie = 10 (jiAdc, Ic = 0) 






Collector Cutoff Current 


ICBO 



nAdc 

(VcB = 30 Vdc, Ie = 0) 

MPS6724 


— 

100 


(VcB = 40 Vdc, Ie = 0) 

MPS6725 


— 

100 


Emitter Cutoff Current 


'ebo 

— 

100 

nAdc 

(Veb = 10 Vdc, Ic = 0) 







ON CHARACTERISTICS! 1) 


DC Current Gain 

dC = 200 mAdc, VcE = 5.0 Vdc) 
dC = 1000 mAdc, Vce = 5.0 Vdc) 

hpE 

25.000 

4.000 

40,000 

— 

Collector-Emitter Saturation Voltage 
(Ic = 1000 mAdc, Ib = 2.0 mAdc) 

VcE(sat) 

— 

1.5 

Vdc 

1 

Base-Emitter On Voltage 
dC = 1000 mAdc, Vce = 5.0 Vdc) 

VBE(on) 

— 

2.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 200 mAdc, Vce = 5.0 Vdc, f = 100 MHz) 

fT 

100 

1000 

MHz 

Collector-Base Capacitance 
(VcB = lO Vdc, Ie = 0, f = 1.0 MHz) 

Ccb 

— 

10 

PF 
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MAXiMUM RATINGS 
Rating 


Collector-Emitter Voltage 
MPS6726 
MPS6727 


Collector-Base Voltage 
MPS6726 
MPS6727 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 
Derate above 25°C 


25°C 


Total Device Dissipation @ Tc = 
Derate above 25°C 


25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


VCEO 


VCBO 


Vebo 


pd 


pd 


Tj. Tstg 


Value 


30 


40 

50 


1.0 


1.0 

8.0 


2.5 

20 


-55 to -M50 


THERMAL CHARACTERISTICS 


Vdc 


Vdc 


Watt 

mW/°C 


Watts 

mW/X 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

50 

X/W 

Thermal Resistance, Junction to Ambient 

R^ja 

125 

XA/V 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc = 10 mAdc, Ib = 0) 

MPS6726 

MPS6727 

V(BR)CEO 

30 

40 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dc = 100 /aAdc, Ie = 0) 

MPS6726 


40 

_ 



MPS6727 


50 



Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 100 /aAdc, Iq = 0) 






Collector Cutoff Current 


'CBO 



fiAdc 

(VcB = 40 Vdc, Ie = 0) 

MPS6726 



0.1 


(VcB = 50 Vdc, Ie = 0) 

MPS6727 


— 

0.1 


Emitter Cutoff Current 


Iebo 

— 

0.1 

fxAdc 

(Veb = 5.0 Vdc, Ic = 0) 







ON CHARACTERISTICS(I) 


DC Current Gain 

dc = 100 mAdc, VcE = 10 Vdc) 
dc = 1000 mAdc, VcE = 1-0 Vdc) 

hpE 

60 

50 

250 


Collector-Emitter Saturation Voltage 
dc = 1000 mAdc, Ib = 100 mAdc) 

VCE(sat) 


0.5 

Vdc 

Base-Emitter On Voltage 
dc = 1000 mAdc, VcE = 10 Vdc) 

VBE(on) 

— 

1.2 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Ccb 

— 

30 

PF 

Small-Signal Current Gain 
dc = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

hfe 

2.5 

25 

— 


(1) Pulse Test: Pulse Width ^ 300 /as. Duty Cycle 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

MPS6735 

MPS6734 

MPS6733 

Unit 

Collector-Emitter Voltage 

VCEO 

300 

250 

200 

Vdc 

Collector-Base Voltage 

VCBO 

300 

250 

200 

Vdc 

Emitter-Base Voltage 

vebo 

6.0 

Vdc 

Collector Current — 

Continuous 

ic 

300 

mAdc 

Total Device Dissipation 
@ Ta = 25°C 

Derate above 25°C 

Pd 

o o 
00 

Watt 

mW/X 

Total Device Dissipation 
@ Tc = 25X 

Derate above 25°C 

Pd 

2.5 

20 

Watts 

mW/X 

Operating and Storage 

Junction 

Temperature Range 

Tj, Tstg 



- 55 to -t- 1 50 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

50 

X/W 

Thermal Resistance, Junction to Ambient 

R0JA 

125 

x/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Uni^ 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 10 mAdc, Ib = 0) 

IVIPS6735 

MPS6734 

MPS6733 

V(BR)CEO 

300 

250 

200 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dC = 100 fxAdc, Ig - 0) 

MPS6735 


300 

— 



MPS6734 


250 

— 



MPS6733 


200 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

6.0 

— 

Vdc 

(Ie = 100 /lAdc, Ic = 0) 






Collector Cutoff Current 


•CBO 



/lAdc 

(VcB = 260 Vdc, Ie = 0) 

MPS6735 


— 

0.1 


(VcB = 200 Vdc, Ie = 0) 

MPS6734 


— 

0.1 


(VcB = 160 Vdc, Ie = 0) 

MPS6733 


— 

0.1 


Emitter Cutoff Current 


'ebo 

__ 

0.1 

/lAdc 

(Veb = 6.0 Vdc, Ic = 0) 







ON CHARACTERISTICS 


DC Current Gain 
dC = 1.0 mAdc, Vce = 10 Vdc) 
dC = 10 mAdc, Vce = 10 Vdc) 

hpE 

25 

40 

200 

— 

Collector-Emitter Saturation Voltage 
dC = 20 mAdc, Ib = 2.0 mAdc) 

VCE(sat) 

_ 

2.0 

Vdc 

Base-Emitter On Voltage 
dC = 20 mAdc, Vce = 10 Vdc) 

VBE{on) 

— 

2.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, Vce = 20 Vdc, f = 20 MHz) 

fr 

50 

200 

MHz 

Collector-Base Capacitance 
(VcB = 20 Vdc, Ie = 0. f = 1.0 MHz) 

Ccb 


3.0 

PF 


(1) Pulse Test: Pulse Width ^ 300 /is, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

200 

mAdc 

Total Device Dissipation @ Ta = 25°C 

pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tc = 60°C 

pd 

450 

mW 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.5 

Watts 

Derate above 25X 


12 

mW/X 

Operating and Storage Junction 

Tj, Tstg 

-55 to +150 

X 

Temperature Range 




CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

X/W 

Thermal Resistance, Junction to Ambient 

R^ja 

200 

x/w 


GENERAL PURPOSE TRANSISTOR 

PNP SILICON 


Refer to 2N4402 for graphs. 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 1 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dc = 10 mAdc) 

V(BR)CEO 

40 

— 

Vdc 

Collector-Base Breakdown Voltage 
dc = 100 fiAdc) 

V{BR)CBO 

40 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 100 ^Adc) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 20 V) 

'CBO 

— 

100 

nAdc 

Emitter Cutoff Current 
(Vbe = 3.0 V) 

'ebo 

— 

100 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
dc = 50 mAdc, VcE = 2.0 Vdc) 

hpE 

100 

300 

— 

Collector-Emitter Saturation Voltage 
(Ic = 50 mAdc, Ib = 5.0 mAdc) 

VCE(sat) 

— 

0.25 

Vdc 

Base-Emitter On Voltage 
dc = 50 mAdc, VcE = 2.0 V) 

VBE(on) 

0.6 

1.0 

Vdc 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

vebo 

6.0 

Vdc 

Collector Current — Continuous 

ic 

200 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/X 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.5 

Watts 

Derate above 25°C 


12 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj' Tstg 

-55 to -t-150 

X 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

83.3 

x/w 

Thermal Resistance, Junction to Ambient 

R0Ja(i) 

200 

x/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic \ Symbol | Min | Max [ Unit [ 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 

(Ic = 10 mAdc, Ib = 0) 

V(BR)CEO 

40 

— 

Vdc 

Collector Cutoff Current 

'CBO 




(VcB = 40 Vdc, Ie = 0) 

— 

30 

nAdc 

(VcB = 60 Vdc, Ie = 0) 


— 

10 

/uAdc 

Emitter Cutoff Current 
(Vbe = 6.0 Vdc, Ic = 0) 

•ebo 

— 

20 

nAdc 


ON CHARACTERISTICS(2) 


DC Current Gain 

dC = 100 AAdc, VcE = 5.0 Vdc) 

hpE 

250 

700 

— 

Base-Emitter On Voltage 
dC = 100 AAdc, VcE = 5.0 Vdc) 

VBE(on) 

0.45 

0.65 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 

^obo 

1.0 

4.0 

PF 

Emitter-Base Capacitance 
(Vbe = 0-5 Vdc, Ic = 0, f = l.o MHz) 

Ceb 

— 

10 

PF 

Small-Signal Current Gain 
dC = 100 AAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 

bfe 

250 

800 

— 

Noise Figure 

dC = 100 AAdc, Vce = 5.0 Vdc, Rs = ka f = 10 Hz to 15.7 kHz) 

NF 

— 

2.0 

dB 

Equivalent Short Circuit Noise Voltage 
dC = 100 AAdc, Vce = 5.0 Vdc, Rs = 10 ka f = 100 Hz, Bw = 1.0 Hz) 

®n 

— 

32 

nV/VFiz 


(1) R^ja is measured with the device soldered into a typical printed circuit board. 

(2) Pulse Test: Pulse Width ^ 300 as, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

MPS8598 

MPS8099 

MPS8599 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

80 

Vdc 

Collector-Base Voltage 

VCBO 

60 

80 

Vdc 



MPS8099 

MPS8598 

MPS8599 


Emitter-Base Voltage 

vebo 

6.0 

5.0 

Vdc 

Collector Current — Continuous 

ic 

500 

mAdc 

Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Pd 

625 

5.0 

mW 

mWrC 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

1.5 

12 

Watts 

mW/°C 

Operating Storage Junction 

Temperature Range 

Tj» Tstg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

200 

°c/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 10 mAdc, Ib = 0) 

MPS8598 

MPS8099, MPS8599 

V(BR)CEO 

60 

80 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dC = 100 ixAdc, Ie = 0) 

MPS8598 


60 

— ' 



MPS8099, MPS8599 


80 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 



Vdc 

(Ie = 10 /uAdc, Ic = 0) 

MPS8099 


6.0 

— 



MPS8598, MPS8599 


5.0 

— 


Collector Cutoff Current 


ICEO 

— 

0.1 

/uAdc 

(VcE = 60 Vdc, Ib = 0) 






Collector Cutoff Current 


ICBO 



/uAdc 

(VcB = 60 Vdc, Ie = 0) 

MPS8598 


— 

0.1 


(VcB = 80 Vdc, Ie = 0) 

MPS8099, MPS8599 


— 

0.1 


Emitter Cutoff Current 


lEBO 



/uAdc 

(Veb = 6.0 Vdc, Ic = 0) 

MPS8099 


— 

0.1 


(Veb = 4.0 Vdc, Ic = 0) 

MPS8598, MPS8599 


— 

0.1 



ON CHARACTERISTICS(I) 


DC Current Gain (Ic = 1.6 mAdc, Vce = 5.0 Vdc) 
dc = 10 mAdc, Vce = 5.0 Vdc) 
dC = 100 mAdc, Vce = 5.0 Vdc) 

hpE 

100 

100 

75 

300 

— 

Collector-Emitter Saturation Voltage (Ic = 100 mAdc, Ib = 

5.0 mAdc) 

VCE(sat) 

— 

0.4 

Vdc 

(Ic =100 mAdc, Ib = 

10 mAdc) 


— 

0.3 


Base-Emitter On Voltage 


VBE(on) 



Vdc 

dc = 1.0 mAdc, Vce = 5.0 Vdc) 

MPS8598 


0.5 

0.7 


dc = 10 mAdc, Vce = 5.0 Vdc) 

MPS8099, MPS8599 


0.6 

0.8 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 10 mAdc, Vce = 5.0 Vdc, f = 100 MHz) 

fr 

150 

- 

MHz 

Output Capacitance 


Cobo 



PF 

(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 

MPS8099 


— 

6.0 



MPS8598, MPS8599 


— 

8.0 


Input Capacitance 


Cibo 



pF 

(Vbe = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

MPS8099 


— 

25 



MPS8598, MPS8599 


— 

30 



(1) Pulse Test: Pulse Width ^ 300 /us. Duty Cycle = 2.0%. 
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NPN MPS8099, PNP MPS8598, MPS8599 

FIGURE 5 - THERMAL RESPONSE 



nn 



0.5 0.7 V.O 


2.0 3.0 5.0 7.0 10 

IC, COLLECTOR CURRENT (mA) 


50 70 100 
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hpE. DC CURRENT GAIN V, VOLTAGE (VOLTS) 


NPN MPS8099, PNP MPS8598, MPS8599 

FIGURE 8 - "ON” VOLTAGES FIGURE 9 - COLLECTOR SATURATION REGION 




FIGURE 10 - BASE-EMITTER TEMPERATURE COEFFICIENT 



MPS8598, MPS8599 



IC, COLLECTOR CURRENT (mA) 
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MAXIMUM RATINGS 


Rating 

Symbol 

MPSAOS 

MPSA55 

MPSA06 

MPSA56 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

80 

Vdc 

Collector-Base Voltage 

VCBO 

60 

80 

Vdc 

Emitter-Base Voltage 

Vebo 

4.0 

Vdc 

Collector Current — Continuous 

ic 

500 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

1.5 

Watts 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 

Tj, Tstg 

-55 to -1-150 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R0Ja(i) 

200 

x/w 


(1) R^ja is measured with the device soldered into a typical printed circuit board. 


NPN 

MPSAOS 

MPSA06 


3 Collector 



1 Emitter 


PNP 

IVIPSA55 

IVIPSA56 


3 Collector 



1 Emitter 


CASE 29-04, STYLE 
TO-92 (TO-226AA) 



AMPLIFIER TRANSISTORS 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 1.0 mAdc, Ib = 0) 

MPSA05, MPSA55 

MPSA06, MPSA56 

V(BR)CE0 

60 

80 

- 

Vdc 

Emitter-Base Breakdown Voltage 


V(BR)EBO 

4.0 

— 

Vdc 

(Ie = 100 /iAdc, Ic = 0) 






Collector Cutoff Current 


'CEO 

— 

0.1 

fiAdc 

(VcE = 60 Vdc, Ib = 0) 






Collector Cutoff Current 


ICBO 



jLiAdc 

(VcB = 60 Vdc, Ie = 0) 

MPSA05, MPSA55 


— 

0.1 


(VcB = 80 Vdc, Ie = 0) 

MPSA06, MPSA56 


— 

0.1 



ON CHARACTERISTICS 


DC Current Gain 
dc = 10 mAdc, VcE = 1-0 Vdc) 
dc = 100 mAdc, VcE = 1-0 Vdc) 

hPE 

100 

100 

- 


Collector-Emitter Saturation Voltage 
dc = 100 mAdc, Ib = 10 mAdc) 

VcE(sat) 

— 

0.25 

Vdc 

Base-Emitter On Voltage 
dc = 100 mAdc, VcE = 1-0 Vdc) 

VBE(on) 


1.2 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dc = 10 mA, VcE = 2.0 V, f = 100 MHz) 

MPSA05 

MPSA06 


100 

- 

MHz 

dc = 100 mAdc, VcE = 1-0 Vdc, f = 100 MHz) 

MPSA55 

MPSA56 


50 

-- 



(1) Pulse Test: Pulse Width ^ 300 (xs, Duty Cycle < 2.0%. 

(2) fj is defined as the frequency at which |hfe| extrapolates to unity. 
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NPN MPSA05, MPSA06, PNP MPSA55, MPSA56 


FIGURE 1 - SWITCHING TIME TEST CIRCUITS 


Turn-on Time 


T urn-off Time 




* Total Shunt Capacitance of Test Jig and Connectors 
For PNP Test Circuits, Reverse All Voltage Polarities 


FIGURE 2 — CURRENT-GAIN — BANDWIDTH PRODUCT 


NPN 

MPSA05, MPSA06 



jf 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 


IC, COLLECTOR CURRENT (mA) 


PNP 

MPSA55, MPSA56 



FIGURE 3 — CAPACITANCE 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 

Vr, reverse voltage (VOLTS) 


PNP 

MPSA55, MPSA56 
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Ic, COLLECTOR CURRENT (mA) '■(t). TRANSIENT THERMAL RESISTANCE (NORMALIZED) t, TIME (ns) 


NPN MPSA05, MPSA06, PNP MPSA55, MPSA56 


FIGURE 4 _ SWITCHING TIME 


NPN 

IVIPSA05, MPSA06 


PNP 

MPSA55, MPSA56 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCES 

30 

Vdc 

Collector-Base Voltage 

VCBO 

30 

Vdc 

Emitter-Base Voltage 

Vebo 

10 

Vdc 

Collector Current — Continuous 

Ic 

500 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mWrC 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.5 

Watts 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

- 55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

X/W 

Thermal Resistance, Junction to Ambient 

R0JA 

200 

x/w 


MPSAIS 
IVIPSA14 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

Collector 3 

<§> 

Emitter 1 

DARLINGTON TRANSISTORS 

NPN SILICON 



Refer to 2N6426 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 100 /lAdc, Ib = 0) 

V(BR)CES 

30 

— 

Vdc 

Collector Cutoff Current 
(VcB = 30 Vdc, Ie = 0) 

'CBO 

— 

100 

nAdc 

Emitter Cutoff Current 

(Vbe = 10 Vdc, Ic = 0) j 

•ebo 

— 

100 

nAdc 


ON CHARACTERISTICSd) 


DC Current Gain 
dC = 10 mAdc, VcE = 5.0 Vdc) 

dC = 100 mAdc, VcE = 5.0 Vdc) 

MPSA13 

MPSA14 

MPSA13 

MPSA14 

hPE 

5000 

10,000 

10,000 

20,000 

: 


Collector-Emitter Saturation Voltage 
dC = 100 mAdc, Ib = 0.1 mAdc) 


VCE(sat) 

— 

1.5 

Vdc 

Base-Emitter On Voltage 
dC =100 mAdc, VcE = 5.0 Vdc) 


Vbe 

— 

2.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 

h 

125 

_ 

MHz 

dC = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 






(1) Pulse Test: Pulse Width ^ 300 /is. Duty Cycle ^ 2.0%. 

(2) fj = |hfe| • ftest- 
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MAXIMUM RATINGS 


Rating 

Symbol 

MPS-A16|mPS-A17 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

12 1 15 

Vdc 

Collector Current — Continuous 

ic 

100 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

350 

mW 

Derate above 25°C 


2.8 

mW/X 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-55 to -1-150 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R0JA 

357 

X/W 

Thermal Resistance, Junction to Case 

R^jc 

125 

x/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

40 

— 

Vdc 

Emitter-Base Breakdown Voltage 

(Ie = 0.1 mAdc, Ic = 0) MPS-A16 

MPS-A17 

V(BR)EBO 

12 

15 

- 

Vdc 

Collector Cutoff Current 
(VcB = 30 Vdc, Ie = 0) 

ICBO 

— 

100 

nAdc 

Emitter Cutoff Current 
(Vbe = 10 Vdc, Ic = 0) 

•ebo 

— 

100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 5.0 mAdc, VcE = 10 Vdc) 

hPE 

200 

600 

— 

Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ib = 1.0 mAdc) 

VCE(sat) 


0.25 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 5.0 mAdc, VcE = 10 Vdc, f = 100 MHz) MPS-A16 

MPS-A17 

fr 

100 

80 

- 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

1 

4.0 

1 

pF 
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MPSA16, MPSA17 


FIGURE 1 -DC CURRENT GAIN 



IC, COLLECTOR CURRENT (mA) 


FIGURE 2-SMALLSIGNAL CURRENT GAIN 


FIGURE 3 -SATURATION AND ON VOLTAGES 



0.3 0.5 0.7 1.0 


3.0 5 0 7.0 10 



VCE(sat)@IC/lB = 10 


2.0 3.0 5.0 



20 30 50 


IC,COLLECTORCURRENT(mA) 


IC,COLLECTORCURRENT(mA) 


FIGURE 4 -CURRENT-GAIN-BANDWIDTH PRODUCT 


FIGURE 5 - OUTPUT CAPACITANCE 



.2 0.5 1.0 2.0 5.0 10 20 

IC, COLLECTOR CURRENT (mA) 



0.4 0.7 1.0 2.0 4.0 7.0 10 20 

Vr, REVERSE VOLTAGE (VOLTS) 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

Vdc 

Collector-Base Voltage 

VCBO 

45 

Vdc 

Emitter-Base Voltage 

Vebo 

6.5 

Vdc 

Collector Current — Continuous 

•c 

200 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

1.5 

Watts 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 
Temperature Range 

7j/ Tgtg 

- 55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R0Ja(i) 

200 

x/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

45 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

45 

— 

— 

Vdc 

dC = 100 /xAdc, Ie = 0) 






Emitter-Base Breakdown Voltage 

V(BR)EBO 

6.5 

— 

— 

Vdc 

(Ie = 10 /xAdc, Ic = 0) 






Collector Cutoff Current 

ICBO 

— 

1.0 

50 

nAdc 

(VcB = 30 Vdc, Ie = 0) 








ON CHARACTERISTICS(2) 

DC Current Gain 

hpE 




— 

dC = 10 AAdc, VcE = 5.0 Vdc) 


400 

580 

— 


dC = 100 AAdc, VcE = 5.0 Vdc) 


500 

850 

— 


(Ic = 1.0 mAdc, VcE = 5.0 Vdc) 


500 

1100 

— 


dC = 10 mAdc, VcE = 5.0 Vdc) 


500 

1150 

1500 


Collector-Emitter Saturation Voltage 

VCE(sat) 




Vdc 

dC = 10 mAdc, Ib = 0.5 mAdc) 




— 

0.2 


(Ic = 50 mAdc, Ib = 5.0 mAdc) 


— 

0.08 

0.3 


Base-Emitter On Voltage 

VBE(on) 

— 

0.6 

0.7 

Vdc 

dC = 1.0 mAdc, VcE = 5.0 Vdc) , 


— 





SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 1.0 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

fr 

100 

160 

— 

MHz 

Collector-Base Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 

^cb 

— 

1.7 

3.0 

PF 

Emitter-Base Capacitance 
(Veb = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

Ceb 

— 

5.6 

6.5 

PF 

Noise Figure 

dC = 100 fiAdc, VcE = 5.0 Vdc, Rs = 10 kO, f = 10 Hz to 15.7 kHz) 
dC = 100 AAdc, VcE = 5.0 Vdc, Rs = 1-0 kD, f = 100 Hz) 

NF 

- 

0.5 

4.0 

1.5 

dB . 

Equivalent Short Circuit Noise Voltage 
dC = 100 fiAdc, VcE = 5.0 Vdc, Rs = 1-0 kO, f = 100 Hz) 

Vt 

— 

6.5 

— 

nV/VRz 


(1) R^ja is measured with the device soldered into a typical printed circuit board. 

(2) Pulse Test: Pulse Width 300 fis, Duty Cycle 2.0%. 
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MPSA18 


FIGURE 1 - TRANSISTOR NOISE MODEL 
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C, CAPACITANCE (pF) 


MPSA18 


FIGURE 11 - CAPACITANCE 


FIGURE 12 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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MPSA20 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

4.0 

Vdc 

Collector Current — Continuous 

ic 

100 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.5 

Watt 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj. Tstg 

- 55 to -1-150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R0Ja(i) 

200 

°c/w 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 



AMPLIFIER TRANSISTOR 

NPN SILICON 


Refer to MPS3903 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max [ Unit 


OFF CHARACTERISTICS 



(1) is measured with the device soldered into a typical printed circuit board. 

(2) Pulse Test; Pulse Width 300 /as. Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

MPS-A25 

MPS-A26 

MPS-A27 

Unit 

Collector-Emitter Voltage 

VCES 

40 

50 

60 

Vdc 

Emitter-Base Voltage 

vebo 

10 

Vdc 

Collector Current — Continuous 

>C 

500 

mAdc 

Total Device Dissipation 
@ Ta = 25°C 

Derate above 25°C 

Pd 

625 

5.0 

mW 

mWrC 

Operating and Storage Junction 
Temperature Range 

Tj. Tstg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R0JA 

200 j 

X/W 




CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


§ 

Emitter 1 

DARLINGTON TRANSISTOR 

NPN SILICON 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dC = 100 fjAdc, Vbe = 0) 

V(BR)CES 

60 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 100 )uAdc, Ie = 0) 

V{BR)CBO 

60 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 30 V, Ie = 0) 

(VCB = 40 V, Ie = 0) 

(VcB = 50 V, Ie = 0) 

•CBO 



100 

nAdc 

Collector Cutoff Current 
(VcE = 30 V, Vbe = o) 

(Vqe = 40 V, Vbe = o) 

(VcE = 50 V, Vbe = o) 

Ices 



500 

nAdc 

Emitter Cutoff Current 
(Vbe = 10 Vdc) 

Iebo 

— 

— 

100 

nAdc 

ON CHARACTERISTICS(I) 

DC Current Gain 
dC = 10 mA, VcE = 5.0 V) 
dC = 100 mA, VcE = 5.0 V) 

hPE 

10,000 

10,000 

- 

- 


Collector-Emitter Saturation Voltage 
dC = 100 mA, Ib = 0.1 mAdc) 

VCE{sat) 

— 

— 

1.5 

Vdc 

Base-Emitter On Voltage 
dC = 100 mA, VcE = 5.0 Vdc) 

VBE{on) 

— 

— 

2.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Small Signal Current Gain 

hfe 

1.25 

2.4 

_ 

— 

dC = 10 mA, VcE = 5.0 V, f = 100 MHz) 







(1) Pulse Test: Pulse Width « 300 fis, Duty Cycle ^ 2.0%. 
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MPSA27 


FIGURE 1 - DC CURRENT GAIN 


FIGURE 2 - “ON" VOLTAGES 
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FIGURE 3 — COLLECTOR SATURATION REGION 


FIGURE 4 — HIGH FREQUENCY CURRENT GAIN 
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MAXIMUM RATINGS 


Rating 

Symbol 

MPSA28 

MPSA29 

Unit 

Collector-Emitter Voltage 

VCES 

80 

100 

Vdc 

Collector-Base Voltage 

VCBO 

80 

100 

Vdc 

Emitter-Base Voltage 

Vebo 

12 

Vdc 

Collector Current — Continuous 

Ic 

500 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

rnWrC 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.5 

Watts 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 

Tj' ^stg 

-55 to +150 

X 

Temperature Range 


. 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

83.3 

X/W 

Thermal Resistance, Junction to Ambient 

R^ja 

200 

x/w 


IVIPSA28 
MPSA29 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

Collector 3 

0 

Emitter 1 

DARLINGTON TRANSISTORS 

NPN SILICON 



ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min [ Typ | Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 100 fiAdc, Vbe = 0) 

MPSA28 

MPSA29 

V(BR)CES 

80 

100 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 




Vdc 

dC = 100 ^Adc, Ie = 0) 

MPSA28 


80 

— 

— 



MPSA29 


100 

— 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

12 

— 

— 

Vdc 

(Ie = 10 /LiAdc, Ic = 0) 

Both Types 






Collector Cutoff Current 


ICBO 




nAdc 

(VcB = 60 Vdc, Ie = 0) 

MPSA28 


— 

— 

100 


(VcB = 80 Vdc, Ie = 0) 

MPSA29 


— 

— 

100 


Collector Cutoff Current 


Ices 




nAdc 

(VcE = 60 Vdc, Vbe = 0) 

MPSA28 


— 

— 

500 


(VcE = 80 Vdc, Vbe = 0) 

MPSA29 


— 

— 

500 


Emitter Cutoff Current 


Iebo 

— 

— 

100 

nAdc 

(Vbe = 10 Vdc, Ic = 0) 

Both Types 







ON CHARACTERISTICSd) 


DC Current Gain 
dC = 10 mAdc, VcE = 5.0 Vdc) 
dC = 100 mAdc, VcE = 5.0 Vdc) 

Both Types 

Both Types 

hPE 

10,000 

10,000 

- 

- 

— 

Collector-Emitter Saturation Voltage 


VcE(sat) 




Vdc 

dC = 10 mAdc, Ib = 0.01 mAdc) 

Both Types 


— 

0.7 

1.2 


dC = 100 mAdc, Ib = 0,1 mAdc) 

Both Types 


— 

0.8 

1.5 


Base-Emitter On Voltage 


VBE(on) 

— 

1.4 

2.0 

Vdc 

dC = 100 mAdc, VcE = 5.0 Vdc) 

Both Types 







SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

Both Types 

fr 

125 

200 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Both Types 

^obo 

— 

5.0 

8.0 

PF 


(1) Pulse Test: Pulse Width 300 fis. Duty Cycle 2.0%. 

(2) fr == fife • ^test- 
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Ic, COLLECTOR CURRENT (mA) q\j TEMPERATURE COEFFICIENT (mV/°C) DC CURRENT GAIN (k) 
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MAXIMUM RATINGS 


Rating 

Symbol 

MPSA42 

MPSA43 

Unit 

Collector-Emitter Voltage 

VCEO 

300 

200 

Vdc 

Collector-Base Voltage 

VCBO 

300 

200 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

6.0 

Vdc 

Collector Current — Continuous 

ic 

500 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

1.5 

Watts 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 

Tj/ Tstg 

- 55 to +150 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

200 

°c/w 



ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic T Symbol ]~ Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

(Ic = 1.0 mAdc, Ib = 0) 

MPSA42 

MPSA43 

V(BR)CEO 

300 

200 

— 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dC = 100 AAdc, Ie = 0) 

MPSA42 


300 

— 



MPSA43 


200 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

6.0 

— 

Vdc 

(Ie = 100 Mdc, Ic = 0) 






Collector Cutoff Current 


'CBO 



^Adc 

(VcB = 200 Vdc, Ie = 0) 

MPSA42 


— 

0.1 


(VcB = 160 Vdc, Ie = 0) 

MPSA43 


— 

0.1 


Emitter Cutoff Current 


Iebo 



ixAdc 

(Vbe = 6.0 Vdc, Ic = 0) 

MPSA42 


— 

0.1 


(Vbe = 4.0 Vdc, Ic = 0) 

MPSA43 


— 

0.1 



ON CHARACTERISTICS! 1) 


DC Current Gain 
dC = 1.0 mAdc, VcE = 10 Vdc) 

dC = 10 mAdc, VcE = 10 Vdc) 
dC = 30 mAdc, Vce = 10 Vdc) 

hpE 

25 

40 

40 

- 


Collector-Emitter Saturation Voltage 

(Ic = 20 mAdc, Ib = 2.0 mAdc) MPSA42 

MPSA43 

VcE(sat) 

- 

0.5 

0.4 

Vdc 

Base-Emitter Saturation Voltage 
(IC = 20 mAdc, Ib = 2.0 mAdc) 

VBE(sat) 

— 

0.9 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, Vce = 20 Vdc, f = 100 MHz) 

^T 

50 

— 

MHz 

Collector-Base Capacitance 


Ccb 



PF 

(VcB = 20 Vdc, Ie = 0, f = 1.0 MHz) 

MPSA42 


— 

3.0 



MPSA43 


— 

4.0 



(1) Pulse Test; Pulse Width ^ 300 fis, Duty Cycle ^ 2.0%. 
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V, VOLTAGE (VOLTS) 


MPSA42, MPSA43 



FIGURE 2 -CAPACITANCES 



FIGURE 3 - CURRENT-GAIN-BANDWIDTH PRODUCT 
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FIGURE 5 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 



VcE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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MAXIMUM RATINGS 


Rating 

Symbol 

MPSA44 

MPSA45 

Unit 

Collector-Emitter Voltage 

VCEO 

400 

350 

Vdc 

Collector-Base Voltage 

VCBO 

500 

400 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

6.0 

Vdc 

Collector Current — Continuous 

ic 

300 

mAdc 

Total Device Dissipation @ T^ = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/X 

Total Device Dissipation @ Tc = 25°C 

pd 

1.5 

Watts 

Derate above 25°C 


12 

mW/X 

Operating and Storage Junction 

Tj/ Tstg 

-55 to +150 

X 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

X/W 

Thermal Resistance, Junction to Ambient 

R6IJA 

200 

x/w 



ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 1.0 mAdc, Ib = 0) 

MPSA44 

MPSA45 

V(BR)CEO 

400 

350 

- 

Vdc 

Collector-Emitter Breakdown Voltage 


V(BR)CES 



Vdc 

dC =100 ^Adc, Vbe = 0) 

MPSA44 


500 

— 



MPSA45 


400 

— 


Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dC = 100 ixAdc, Ie = 0) 

MPSA44 


500 

— 



MPSA45 


400 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

6.0 

— 

Vdc 

(Ie = 10 fxAdc, Ic = 0) 






Collector Cutoff Current 


•CBO 



;uAdc 

(VcB = 400 Vdc, Ie = 0) 

MPSA44 


— 

0.1 


(VcB = 320 Vdc, Ie = 0) 

MPSA45 


— 

0.1 


Collector Cutoff Current 


'CES 



nAdc 

(Vqe = 400 Vdc, Vbe = 0) 

MPSA44 


— 

500 


(VcE = 320 Vdc, Vbe = 0) 

MPSA45 


— 

500 


Emitter Cutoff Current 


•ebo 

— 

0.1 

/u,Adc 

(Vbe = 4.0 Vdc, Ic = 0) 







ON CHARACTERISTICSd) 


DC Current Gain(1) dC = 1.0 mAdc, Vce = 10 Vdc) 

dC = 10 mAdc, Vce = 10 Vdc) 
dc = 50 mAdc, Vce = 10 Vdc) 
dC = 100 mAdc, Vce = 10 Vdc) 

hpE 

40 

50 

45 

40 

200 


Collector-Emitter Saturation Voltage(l) (Ic = 1.0 mAdc, Ib = 0.1 mAdc) 

VCE(sat) 

— 

0.4 

Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 


— 

0.5 


dC = 50 mAdc, Ib = 5.0 mAdc) 


— 

0.75 


Base-Emitter Saturation Voltage (Ic = 10 mAdc, Ib = 1.0 mAdc) 

VBE(sat) 

— 

0.75 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance (Vcb = 20 Vdc, Ie = 0, f = 1.0 MHz) 

Cobo 

— 

7.0 

PF 

Input Capacitance (Veb = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

Cjbo 

— 

13 

PF 

Small-Signal Current Gain (Ic = 10 mAdc, Vce = 10 Vdc, f = 10 MHz) 

hfe 

2.0 

— 

— 


(1) Pulse Test: Pulse Width 300 /xs, Duty Cycle 2.0%. 
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MPSA55, IVIPSA56 specifications, 

' See MPSA05, MPSA06 Data 

MAXIMUM RATINGS 


Rating 

Symbol 

MPSA62 

MPSA63 

MPSA64 

Unit 

Collector-Emitter Voltage 

VCES 

20 

30 

Vdc 

Collector-Base Voltage 

VCBO 

20 

30 

Vdc 

Emitter-Base Voltage 

Vebo 

10 

Vdc 

Collector Current — Continuous 

•c 

500 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

1.5 

Watts 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 

Tj, Tstg 

-55 to -1- 150 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

X/W 

Thermal Resistance, Junction to Ambient 

R6IJA 

200 

x/w 


MPSA62 

thru 

IVIPSA64 

CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 




DARLINGTON TRANSISTORS 


PNP SILICON 


Refer to MPSA75 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic } Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc = 100 /xAdc, Vbe = 0) 

MPSA62 

MPSA63, MPSA64 

V(BR)CES 

20 

30 

- 

Vdc 

Collector Cutoff Current 


'CBO 



nAdc 

(VcB ~ Vdc, Ie = 0) 

MPSA62 


_ 

100 


(VcB = 30 Vdc, Ie = 0) 

MPSA63, MPSA64 


— 

100 


Emitter Cutoff Current 


Iebo 



100 

nAdc 

(Vbe = 10 Vdc, ic = 0) 







ON CHARACTERISTICS! 1) 


DC Current Gain 
dc = 10 mAdc, VcE = 5.0 Vdc) 

dc = 100 mAdc, VcE = 5.0 Vdc) 

MPSA63 

MPSA64 

MPSA62 

MPSA63 

MPSA64 

hpE 

5000 

10,000 

20,000 

10,000 

20,000 



Collector-Emitter Saturation Voltage 


VCE(sat) 



Vdc 

dc = 10 mAdc, Ib = 0.01 mAdc) 

MPSA62 


— 

1.0 


dc = 100 mAdc, Ib = 0.1 mAdc) 

MPSA63, MPSA64 


— 

1.5 


Base-Emitter On Voltage 


VBEIon) 



Vdc 

dc = 10 mAdc, VcE = 5.0 Vdc) 

MPSA62 


— 

1.4 


dc = 100 mAdc, VcE = 5.0 Vdc) 

MPSA63, MPSA64 


— 

2.0 



SMALL-SIGNAL CHARACTERISTICS 


1 

Current-Gain — Bandwidth Product(2) 


125 

_ 

MHz 

dc = 100 mAdc, VcE = 5.0 Vdc, f = 100 MHz) MPSA63, MPSA64 






(1) Pulse Test; Pulse Width ^ 300 fxs, Duty Cycle ^ 2.0%. 

(2) fj = jhfel • ftest- 
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MPSA70 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

4.0 

Vdc 

Collector Current — Continuous 

'c 

100 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

pd 

1.5 

Watts 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj/ Tstg 

- 55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R0JA 

200 

X/W 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

x/w 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 



AMPLIFIER TRANSISTOR 


PNP SILICON 


Refer to 2N5086 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Max J Unit 


OFF CHARACTERISTICS 
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IVIPSA75 

IVIPSA77 


MAXIMUM RATINGS 


Rating 

Symbol 

MPSA75 

MPSA77 

Unit 

Collector-Emitter Voltage 

VCES 

40 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

10 

Vdc 

Collector Current — Continuous 

•c 

500 

Adc 

Total Device Dissipation 
@ Ta = 25°C 

pd 

625 

mW 

Derate above 25°C 


5.0 

rnWrC 

Operating and Storage Junction 

Tj. Tstg 

-55 to +150 

X 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R0JA 

200 

°C/W 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


Collector 3 



DARLINGTON TRANSISTORS 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min [ Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 100 ^JiAdc, Vbe = 0) MPSA75 

MPSA77 

V(BR)CES 

40 

60 

- 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 




Vdc 

dC = 100 ixAdc, Ie = 0) MPSA75 


40 

— 

— 


MPSA77 


60 

— 

— 


Collector Cutoff Current 

ICBO 




nAdc 

(VcB = 30 V, Ie = 0) 


— 

— 

100 


(VcB = 40 V, Ie = 0) 


— 

— 

— 


(VcB = 50 V, Ie = 0) 


— 

— 

— 


Collector Cutoff Current 

Ices 




nAdc 

(VCE = 30 V, Vbe = o) 


— 

— 

500 


(VcE = 40 V, Vbe = o) 


— 

— 

— 


(VcE = 50 V, Vbe = o) 


— 

— 

— 


Emitter Cutoff Current 

Iebo 

— 

— 

100 

nAdc 

(Vbe = 10 Vdc) 







ON CHARACTERISTICS 


DC Current Gain 
dC = 10 mA, VcE = 5.0 V) 
dC = 100 mA, VcE = 5.0 V) 

hPE 

10,000 

10,000 

- 

- 

— 

Collector-Emitter Saturation Voltage 
dC = 100 mA, Ib = 0.1 mAdc) 

VCE(sat) 

— 

— 

1.5 

Vdc 

Base-Emitter On Voltage 
dC = 100 mA, VcE = 5.0 Vdc) 

Vbe 

— 

— 

2.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — High Frequency 

|hfe! 

1.25 

2.4 


— 

dC = 10 mA, VcE = 5.0 V, f = 100 MHz) 
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|hpE|, HIGH FREQUENCY CURRENT GAIN 


MPSA75, MPSA77 


FIGURE 1 — DC CURRENT GAIN 
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MAXIMUM RATINGS 


Rating 

Symbol 

MPSA92 

MPSA93 

Unit 

Collector-Emitter Voltage 

VCEO 

300 

200 

Vdc 

Collector-Base Voltage 

VCBO 

300 

200 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

'c 

500 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

pd 

1.5 

Watts 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 

Tj. Tstg 

- 55 to -t- 1 50 

°C 

Temperature Range 







THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R6IJA 

200 

°c/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dc = 1.0 mAdc, Ib = 0) 

MPSA92 

MPSA93 

V(BR)CEO 

300 

200 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dC = 100 fiAdc, Ie = 0) 

MPSA92 


300 

_ 



MPSA93 


200 

— 


Emitter-Base Breakdown Voltage 


V{BR)EBO 

5.0 

— 

Vdc 

(Ie = 100 /xAdc, Ic = 0) 






Collector Cutoff Current 


ICBO 



fxAdc 

(VcB = 200 Vdc, Ie = 0) 

MPSA92 


— 

0.25 


(VcB = 160 Vdc, Ie = 0) 

MPSA93 


— 

0.25 


Emitter Cutoff Current 


•ebo 

— 

0.1 

/xAdc 

(Vbe = 3.0 Vdc, Ic = 0) 







ON CHARACTERISTICS! 1) 


DC Current Gain 


hpE 





dC = 1.0 mAdc, VcE = 10 Vdc) 

Both Types 


25 

— 


dC = 10 mAdc, VcE = 10 Vdc) 

Both Types 


40 

— 


dC = 30 mAdc, VcE = 10 Vdc) 

MPSA92 


25 





MPSA93 


25 

— 


Collector-Emitter Saturation Voltage 


VcE(sat) 



Vdc 

dC = 20 mAdc, Ib = 2.0 mAdc) 

MPSA92 

— 

0.5 


MPSA93 


— 

0.4 


Base-Emitter Saturation Voltage 


VBE(sat) 

— 

0.9 

Vdc 

dC = 20 mAdc, Ib = 2.0 mAdc) 







SNIALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

fT 

50 

- 

MHz 

Collector-Base Capacitance 


^cb 



PF 

(VcB = 20 Vdc, Ie = 0, f = 1.0 MHz) 

MPSA92 


— 

6.0 



MPSA93 


— 

8.0 



(1) Pulse Test: Pulse Width ^ 300 /xs. Duty Cycle ^ 2.0%. 
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V, VOLTAGE (VOLTS) C, CAPACITANCE (pF) hpE- DC CURRENT GAIN 


MPSA92, MPSA93 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

25 

Vdc 

Collector-Base Voltage 

VCBO 

25 

Vdc 

Collector Current — Continuous 

Ic 

600 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/X 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.5 

Watts 

Derate above 25°C 


12 

mwrc 

Operating and Storage Junction 

Tj» Tgtg 

^55 to +150 

X 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

XW 

Thermal Resistance, Junction to 

Ambient(l) 

R^ja 

200 

x/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

25 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 10 fjAdc, Ie = 0) 

V(BR)CBO 

25 

— 

Vdc 

Collector Cutoff Current 
(VcE = 20 Vdc) 

•CEO 

— 

1.0 

fjAdc 

Collector Cutoff Current 
(VcB = 20 Vdc, Ie = 0) 

'CBO 



1.0 

jjAdc 

Emitter Cutoff Current 
(Veb = 3.0 Vdc, Ic = 0) 

iebo 

i 


100 

nAdc 


ON CHARACTERISTICS(2) 


DC Current Gain 
dC = 50 mAdc, Vqe = 5.0 Vdc) 
dC = 100 mAdc, VcE = 5.0 Vdc) 
dc = 500 mAdc, Vqe = 5.0 Vdc) 

hPE 

50 

80 

30 

- 


Collector-Emitter Saturation Voltage 
dc = 100 mAdc, Ib = 10 mAdc) 

VCE(sat) 

— 

0.5 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (Iq = 50 mAdc, Vqe = 10 Vdc, 

^T 

100 

— 

MHz 

f = 100 MHz) 



1 



(1) RffjA is measured with the device soldered into a typical printed circuit board. 

(2) Pulse Test: Pulse Width ^ 300 /xs, Duty Cycle < 2.0%. 

•Refer to 2N4402 for MPSD55 graphs. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


2-395 







MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

80 

Vdc 

Emitter-Base Voltage 

Vebo 

4.0 

Vdc 

Collector Current — Continuous 

ic 

100 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.5 

Watt 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

— 55 to +150 

X 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rejc 

83.3 

X/W 

Thermal Resistance, Junction to Ambient 

R0Ja(i) 

200 

x/w 


is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dc = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

80 


— 

Vdc 

Collector-Base Breakdown Voltage 
dc = 100 AiAdc, Ie = 0) 

V(BR)CBO 

80 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 100 ptAdc, Ic = 0) 

V(BR)EBO 

4.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 60 Vdc, Ie = 0) 

ICBO 

— 

— 

50 

nAdc 

Emitter Cutoff Current 
(Veb = 3.0 Vdc, Ic = 0) 

Iebo 

— 

— 

50 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dc = 1.5 mAdc, Vce = 10 Vdc) 

hpE 

30 

- 

120 

— 

Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ib = 1.0 mAdc) 

VcE(sat) 

— 

— 

0.25 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Crrent-Gain — Bandwidth Product 
dc = 1.5 mAdc, Vce = 10 Vdc, f = 100 MHz) 

fT 

80 

— 

— 

MHz 

Collector-Base Capacitance 
(VcB = 10 Vdc, f = 1.0 MHz) 

O^cb 

— 

— 

1.6 

PF 

Output Admittance 

dc = 1-5 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 

hoe 

— 

— 

5.0 

/umhos 

Noise Figure 

dc = 1.5 mAdc, Vce = 10 Vdc, Rs = 50 ohms, f = 1.0 MHz) MPSH04 

NF 

— 

— 

2.0 

dB 


(2) Pulse Test: Pulse Width 300 fxs, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Collector-Base Voltage 

VCBO 

30 

Vdc 

Emitter-Base Voltage 

Vebo 

3.0 

Vdc 

Total Device Dissipation @ T/^ = 25°C 

Pd 

350 

mW 

Derate above 25°C 


2.81 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj» Tstg 

- 55 to +150 

X 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

125 

X/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 1 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

30 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 100 fiAdc, Ie = 0) 

V(BR)CBO 

30 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 100 /LiAdc, Ic = 0) 

V(BR)EBO 

3.0 

— 

Vdc 

Collector Cutoff Current 
(VcB =15 Vdc, Ie = 0) 

•CBO 

— 

50 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
dC = 3.0 mAdc, VcE = 10 Vdc) 

hpE 

20 

— 

— 

Base-Emitter On Voltage 
dC = 3.0 mAdc, Vqe = 10 Vdc) 

VBE(on) 

— 

0.9 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 3.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

fj 

400 

— 

MHz 

Collector-Emitter Capacitance 
(VcE = 10 Vdc, Ib = 0, f = 1.0 MHz, base guarded) 

Cce 

(Crb) 

— 

0.3 

PF 

Noise Figure 

dC = 3.0 mAdc, VcB = 10 Vdc, Rs = 50 Ohms, f = 100 MHz) 

NF 

— 

3.2 

dB 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
dC = 3.0 mAdc, Vqb = 10 Vdc, Rs = 50 Ohms, f = 100 MHz) 
dC = 3.0 mAdc, VcB = 10 Vdc, Rs = 50 Ohms, f = 200 MHz) 

Gpb 

— 

18 

14 

- 

dB 

Forward AGC Current 

(Gain Reduction = 30 dB, Rs = 50 Ohms, f = 100 MHz) 

'AGC 

6.5 

8.5 

mAdc 
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Yfb, FORWARD TRANSFER ADMITTANCE <romhos) Yib, COMMON-BAOE INPUT AONHTTANCE (mrohos) 


MPSH07 


AGC CHARACTERISTICS 
Vcc ~ 10 Vdc, Rg = 50 Ohms, See Figure 9 




AUTOMATIC GAIN CONTROL CURRENT (mA) I^^qq, AUTOMATIC GAIN CONTROL CURRENT |mA) 

COMMON-BASE y PARAMETERS 
V(,g= 10Vdc,T^ -25°C 

f= 100 MHz f = 200 MHz 

FIGURE 3 - INPUT ADMITTANCE FIGURE 4 - REVERSE TRANSFER ADMITTANCE 



Iq, COLLECTOR CURRENT (mA) 
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Iq. COLLECTOR CURRENT (mA) 


FIGURE 5 - FORWARD TRANSFER ADMITTANCE 



Iq, collector CURRENT (mA) 


FIGURE 6 - OUTPUT ADMITTANCE 



0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10 


Iq, collector current (mA) 
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rb'Cc, COLLECTOR-BASE TIME CONSTANT (ps) 


MPSH07 


FIGURE 7 - COL LECTOR -BASE TIME CONSTANT 


FIGURE 8 - CURRENT-GAIN BANDWIDTH PRODUCT 




1.0 2.0 3.0 4.0 5.0 6.0 7.0 

Iq, collector current (mA) 


1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 1 

Iq, COLLECTOR CURRENT (mA) 


FIGURE 9- 100-MHz AND 200-MHz COMMON-BASE AMPLIFIER 



200 MHz - L2 - 6 TURNS NO. 16 AWG, V/' I.D., 
TAPPED y* TURNS FROM COLD END. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

25 

Vdc 

Collector-Base Voltage 

VCBO 

30 

Vdc 

Emitter-Base Voltage 

Vebo 

3.0 

Vdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

m\NrC 

Operating and Storage Junction 
Temperature Range 

Tj' ^stg 

-55 to -1-150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R6IJC 

125 

X/W 

Thermal Resistance, Junction to Ambient 

P^JA 

357 

°c/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 1 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

25 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 100 /xAdc, Ie = 0) 

V(BR)CBO 

30 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 fjbAdc, Ic = 0) 

V(BR)EBO 

3.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 25 Vdc, Ie = 0) 

ICBO 

— 

100 

nAdc 

Emitter Cutoff Current 
(Vbe = 2.0 Vdc, Ic = 0) 

Iebo 

— 

100 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
dC = 4.0 mAdc, Vqe = 10 Vdc) 

hpE 

60 

— 

— 

Collector-Emitter Saturation Voltage 
dC = 4.0 mAdc, Ib = 0.4 mAdc) 

VCEIsat) 

— 

0.5 

Vdc 

Base-Emitter On Voltage 
dC = 4.0 mAdc, Vqe = 10 Vdc) 

Vbe 

— 

0.95 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 4.0 mAdc, Vqe = 10 Vdc, f = 100 MHz) 

fT 

650 

— 

MHz 

Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Ccb 

— 

0.7 

pF 

Common-Base Feedback Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) MPS-H10 

MPS-H11 

Crb 

0.35 

0.6 

0.65 

0.9 

PF 

Collector Base Time Constant 
dC = 4.0 mAdc, VcB = 10 Vdc, f = 31.8 MHz) 

rb'Cc 

— 

9.0 

ps 
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MPSH10, MPSH11 


COMMON-BASE y PARAMETERS versus FREQUENCY 
(VcB = 10 Vdc, Ic = 4.0 mAdc, Ta = 250C) 


Yib, INPUT ADMITTANCE 


FIGURE 1 - RECTANGULAR FORM 


FIGURE 2 - POLAR FORM 
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COMMON-BASE y PARAMETERS versus FREQUENCY 
(VcB = 10 Vdc, Ic = 4.0 mAdc, Ta = 250C) 

yfb, FORWARD TRANSFER ADMITTANCE 
FIGURE 3 - RECTANGULAR FORM FIGl 


FIGURE 4 - POLAR FORM 
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Yrb, REVERSE TRANSFER ADMITTANCE 


FIGURE 5 - RECTANGULAR FORM 
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FIGURE 6 - POLAR FORM 
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yob, OUTPUT ADMITTANCE (mmhos) 


MPSH10, MPSH11 

Yob/ OUTPUT ADMITTANCE 

FIGURE 7 - RECTANGULAR FORM FIGURE 8 - POLAR FORM 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

Vdc 

Collector-Base Voltage 

VCBO 

20 

Vdc 

Emitter-Base Voltage 

vebo 

3.0 

Vdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

350 

mW 

Derate above 25°C 


2.81 

mW/T 

Operating and Storage Junction 
Temperature Range 

Tj» Tstg 

- 55 to -1-150 

°C 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 
(Printed Circuit Board Mounting) 

R0JA 

357 

°C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dc = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

15 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
dc = 100 fjAdc, Ie = 0) 

V(BR)CBO 

20 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 fiAdc, Ic = 0) 

V(BR)EBO 

3.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 15 Vdc, Ie = 0) 

ICBO 

— 

— 

100 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
dc = 5.0 mAdc, VcE = 10 Vdc) 

hpE 

25 


250 

— 

Collector-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 10 mAdc) 

VCE(sat) 

— 

— 

0.5 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 5.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 


800 

— 

— 

MHz 

Collector-Base Capacitance 
(VcB = 10 Vdc, f = 1.0 MHz) 

Ceb 

0.3 

— 

0.9 

PF 

Small-Signal Current Gain 
dc = 5.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 

hfe 

30 

— 

— 

— 

Noise Figure 

dc = 5.0 mAdc, Vce = 12 Vdc, Rs = 50 ohms, f = 200 MHz) 

NF 

— 

— 

6.0 

dB 


FUNCTIONAL TEST 


Amplifier Power Gain 

Gpe 

— 

24 

— 

dB 

dc = 5.0 mAdc, Vec = 12 Vdc, Rs = 50 ohms, f = 200 MHz) 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

4.0 

Vdc 

Collector Current — Continuous 

ic 

100 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

350 

mW 

Derate above 25°C 


2.81 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

pd 

1.0 

Watts 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj/ Tstg 

- 55 to -1-150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

X/W 

Thermal Resistance, Junction to Ambient 

R^ja 

357 

x/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

30 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 100 AAdc, Ie = 0) 

V(BR)CBO 

40 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 /lAdc, Ic = 0) 

V(BR)EBO 

4.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 15 Vdc, Ie = 0) 

•CBO 

— 

— 

50 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
dC = 4.0 mAdc, Vqe = 10 Vdc) 

hpE 

25 

— 

— 

— 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 4.0 mAdc, Vqe = 10 Vdc, f = 100 MHz) 

fT 

400 

620 

- 

MHz 

Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Ccb 

— 

0.5 

0.65 

PF 

Collector Base Time Constant 
(Ie = 4.0 mAdc, Vqb = 10 Vdc, f = 31.8 MHz) 

rbXc 

— 

10 

— 

ps 

Conversion Gain (213 to 45 MHz) 
dC = 4.0 mAdc, VcE = 10 Vdc, Oscillator 

Injection = 200 mVdc) 

Gc 

18 

23 


dB 
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Gpc, CONVERSION GAIN (dB) 


MPSH20 



CONVERSION GAIN CHARACTERISTICS 
(TEST CIRCUIT FIGURE 9) 


FIGURE 1 - VARIATION WITH COLLECTOR CURRENT 


Vcf 

^ ^ ^ 

= 10 Vdc 






I Oscillator Injection 
L = 9R8 MH7 

200 mV 






Isig 

= 213 MHz 








f|F 

46 MH 

z 
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i 




FIGURE 2 - VARIATION WITH INJECTION LEVEL 


-VcE=10Vdc - 
IC = 4.0 mAdc 
. fsig = 213 MHz _ 
f|F = 45 MHz 


1.0 2.0 3.0 4.0 

IC, COLLECTOR CURRENT (mAdc) 


Vi, OSCILLATION INJECTION (mV) 


COMMON-EMITTER y PARAMETERS 

dc = 4.0 mAdc, Vqe = 10 Vdc, T^ = 25^0 


FIGURE 3 - INPUT ADMITTANCE 


FIGURE 4 - REVERSE TRANSFER ADMITTANCE 




80 100 160 200 
f, FREQUENCY (MHz) 


80 100 

f, FREQUENCY (MHz) 


COMMON-EMITTER y PARAMETERS 
dc = 4.0 mAdc, Vqe = 10 Vdc, Ta = 25°C) 


FIGURE 5 - FORWARD TRANSFER ADMITTANCE 


FIGURE 6 - OUTPUT ADMITTANCE 


f, FREQUENCY (MHz) 


f, FREQUENCY (MHz) 
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fT. CURRENT-GAIN-BANDWIOTH PRODUCT (MHz) 


MPSH20 


FIGURE 7 - CURRENT-GAIN-BANDWIDTH PRODUCT 



1.0 2.0 3.0 5.0 7.0 10 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 


IC, COLLECTOR CURRENT (mAdc) 


Vr, reverse voltage (VOLTS) 


FIGURE 9 - MIXER TEST CIRCUIT 


fsig = 213MHz 1.5-15 pF 



BASE TAPPED 1 TURN FROM GROUND. 

L2 = 10 TURNS #26 INSULATED WIRE. WOUND 
ON 1/4" I.D. COIL FORM, ARNOLD PART 
NO. Al-10 IRON POWDER CORE. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


2-406 






Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

4.0 

Vdc 

Collector Current — Continuous 

ic 

50 

mAdc 

Total Device Dissipation @ T/^ = 25°C 

Pd 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tgtg 

— 55 to +135 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R^ja 

357 

X/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dC = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

30 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 100 /xAdc, Ie = 0) 

V(BR)CBO 

40 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 MAdc, Ic = 0) 

V(BR)EBO 

4.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 15 Vdc, Ie = 0) 

ICBO 

— 

— 

50 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
dC = 8.0 mAdc, VcE = 10 Vdc) 

hpE 

30 

— 

— 

— 


SMALL'SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 8.0 mAdc, Vqe = 10 Vdc, f = 100 MHz) 


400 

620 

— 

MHz 

Collector-Base Capacitance 

^cb 

— 

0.25 

0.36 

PF 

(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 






Conversion Gain 

GC 




dB 

(213 MHz to 45 MHz) 






dC = 8.0 mAdc, Vqc = 20 Vdc, Oscillator Injection = 150 mVrms) 


19 

24 

— 


(60 MHz to 45 MHz) 






(Ic = 8.0 mAdc, Vqc = 20 Vdc, Oscillator Injection = 150 mVrms) 


24 

29 

— 
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MPSH24 


CONVERSION GAIN CHARACTERISTICS 
(TEST CIRCUIT FIGURE 7) 

(Vcc = 20 Vdc, Rs = Rl = 50 Ohms, fjf = 44 MHz, B.W. = 6.0 MHz) 



0 2.0 4.0 6.0 8.0 10 12 14 16 

IC, COLLECTOR CURRENT (mAdc) 



0 100 200 300 400 

Vj, OSCILLATOR INJECTION (mV) 


COMMON-EMITTER y PARAMETERS 
(VcE = 15 Vdc, Ta = 25^0 



FIGURE 4 - REVERSE TRANSFER ADMITTANCE 
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2 0 4.0 6.0 8.0 10 12 14 16 18 20 

IC, COLLECTOR CURRENT (mAdc) 


FIGURE 5 - FORWARD TRANSFER ADMITTANCE 



FIGURE 6 - OUTPUT ADMITTANCE 
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MAXIMUM RATINGS 


Rating 

Symboi 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

20 

Vdc 

Collector-Base Voltage 

VCBO 

20 

Vdc 

Emitter-Base Voltage 

Vebo 

3.0 

Vdc 

Collector Current — Continuous 

ic 

50 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/X 

Operating and Storage Junction 

Tj' Tstg 

- 55 to +150 

°C 

Temperature Range 

J 


THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

x/w 

Thermal Resistance, Junction to Ambient 

R0Ja(i) 

200 

x/w 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 1 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dc = 1.0 mAdc, Ig = 0) 

V(BR)CEO 

20 

— 

Vdc 

Collector-Base Breakdown Voltage 
dc = 100 /xAdc, Ie = 0) 

V(BR)CBO 

20 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 100 fxAdc, Ic = 0) 

V(BR)EBO 

3.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 10 Vdc, Ie = 0) 

'CBO 

— 

50 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 

dc = 4.0 mAdc, VcE = 5.0 Vdc) 

hPE 

20 

200 

— 

Collector-Emitter Saturation Voltage 
dc = 10 mAdc, Ig = 5.0 mAdc) 

VCE(sat) 

0.1 

3.0 

Vdc 

Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ig = 5.0 mAdc) 

VBE(sat) 

— 

0.96 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 4.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

fr 

300 

800 

MHz 

Collector-Base Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz, emitter guarded) 

Ccb 

— 

0.65 

pF 

Noise Figure 

(VaGC = 2.75 Vdc, Rg = 50 ohms, f = 45 MHz) 

NF 

i 

— 

6.0 

dB 


FUNCTIONAL TESTS 


Power Gain 

<VaGC = 2.75 Vdc, Rg = 50 ohms, f = 45 MHz) 

Gpe 

22.5 

31 

dB 

Forward AGC Voltage 

(Gain Reduction = 30 dB, Rg = 50 ohms, f = 45 MHz) 

vagc 

4.4 j 

5.4 

Vdc 


(1) RgJA is measured with the device soldered into a typical printed circuit board. 
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Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

4.0 

Vdc 

Collector Current — Continuous 

'c 

50 

mAdc 

Total Device Dissipation @ Ta = 25®C 

Pd 

350 

mW 

Derate above 25°C 


2.8 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj» Tstg 

— 55 to + 135 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R^ja 

200 

°C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Typ | Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc =1.0 mAdc, Ib = 0) 

V(BR)CEO 

40 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
dc = 100 AAdc, Ie = 0) 

V{BR)CBO 

40 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 /xAdc, Ic = 0) 

V(BR)EBO 

4.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 30 Vdc, Ie = 0) 

'CBO 

— 

— 

50 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dc = 7.0 mAdc, VcE = 15 Vdc) 
dc = 20 mAdc, VcE = 2.0 Vdc) 

hpE 

40 

15 

- 

- 

— 

Collector-Emitter Saturation Voltage 
dc = 7.0 mAdc, Ib = 2.0 mAdc) 

VCE(sat) 

— 

— 

0.5 

Vdc 

Base-Emitter On Voltage 

dc = 7.0 mAdc, VcE = 15 Vdc) | 

VBE(on) 

— 

— 

0.95 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 15 mAdc, VcE = 15 Vdc, f = 100 MHz) 


500 

720 

— 

MHz 

Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

^cb 

— 

0.25 

0.32 

PF 
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• Designed for UHFA^HF Amplifier Applications 

• High Current Bandwidth Product 
fj = 2000 MHz @ 10 mAdc 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

Vdc 

Collector-Base Voltage 

VcBO 

15 

Vdc 

Emitter-Base Voltage 

vebo 

4 

Vdc 

Total Device Dissipation @ Ta = 25°C 

pd 

350 

mW 

Derate above 25°C 


2.81 

mW/°C 

Operating and Storage Junction 
Temperature Range 

TJ' Tstg 

— 55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R0JA 

357 

°C/W 



ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dc = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

15 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
dc = 10 /xAdc, Ie = 0) 

V(BR)CBO 

15 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 /itAdc, Ic = 0) 

V(BR)EBO 

4 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 10 Vdc, Ie = 0) 

ICBO 

— 

— 

100 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
dc = 10 mAdc, VcE = 10 Vdc) 

hpE 

30 

— 

300 

— 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

fT 

2000 

— 

— 

MHz 

Collector-Base Capacitance 
(VcE = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Crb 

— 

— 

0.3 

PF 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

20 

Vdc 

Col lector- Base Voltage 

VCBO 

20 

Vdc 

Emitter-Base Voltage 

Vebo 

3.0 

Vdc 

Total Device Dissipation @ Ta = 25°C 

pd 

350 

mW 

Derate above 25°C 


2.81 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj/ Tgtg 

-55 to +150 

°C 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R^ja 

357 

°C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 1 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(Ic = 1.0 mAdc, Ig = 0) 

V(BR)CEO 

20 


— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 10 AtAdc, Ie = 0) 

V(BR)CBO 

20 


— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 ixAdc, Ic = 0) 

V(BR)EBO 

3.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 10 Vdc, Ie = 0) 

'CBO 

— 

— 

100 

nAdc 

Emitter Cutoff Current 
(Vbe = 2.0 Vdc, Ic = 0) 

Iebo 

— 

— 

100 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 
dC = 5.0 mAdc, VcE = 10 Vdc) 

hpE 

60 

— 

— 

— 

Collector-Emitter Saturation Voltage 
(Ic = 5.0 mAdc, Ig = 0.5 mAdc) 

VcE(sat) 

— 

— 

0.5 

Vdc 

Base-Emitter On Voltage 
dC = 5.0 mAdc, VcE = 10 Vdc) 

VBE(on) 

— 

— 

0.9 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 5.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

fr 

600 

— 

— 

MHz 

Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Ccb 

— 

— 

0.85 

PF 

Collector-Emitter Capacitance 
dB = 0, VcB = 10 Vdc, f = 1.0 MHz) 

Cce 

1 


1 

0.65 

PF 
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bfb, (mmhos) bjb, (mmhos) 


MPSH81 


TYPICAL COMMON-BASE y-PARAMETERS 

(VcB = 10 Vdc, = 25°C, Frequency Points in MHz) 



-20 0 20 40 60 80 100 120 140 


gib, (mmhos) 



-2.4 -2.1 -1.8 -1.5 -1.2 -0.9 -0.6 -0.3 0 


grb, (mmhos) 



gfb, (mmhos) 



-0.5 0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 


gob, (mmhQs) 


FIGURE 5 - CURRENT-GAIN - BANDWIDTH PRODUCT 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

120 

Vdc 

Collector-Base Voltage 

VCBO 

140 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

150 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

1.5 

Watts 

Derate above 25°C 


12 

mW/X 

Operating and Storage Junction 
Temperature Range 

1"j' Tstg 

— 55 to 4-150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

200 

°c/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit [ 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

120 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 100 fiAdc, Ie = 0) 

V{BR)CBO 

140 

— 

Vdc 

Emitter-Base Breakdown Voltage 
dE = 10 fiAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current 
(Vcb = 75 Vdc, Ie = 0) 

ICBO 

— 

1.0 

/lAdc 

Emitter Cutoff Current 
(Veb = 4.0 Vdc, Ic = 0) 

Iebo 

— 

100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 
dC = 10 mAdc, VcE = 5.0 Vdc) 

hpE 

50 

300 

— 

Collector-Emitter Saturation Voltage 

VCE(sat) 



Vdc 

(Ic = 10 mAdc, Ib = 1.0 mAdc) 


— 

0.20 


dC = 50 mAdc, Ib = 5.0 mAdc) 


— 

0.30 


Base-Emitter Saturation Voltage 

VBE{sat) 



Vdc 

(IC = 10 mAdc, Ib = 1.0 mAdc) 


— 

1.2 


dC = 50 mAdc, Ib = 5.0 mAdc)(1) 


— 

1.4 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(l) 
dC = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

fr 

60 

— 

MHz 

Collector-Base Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 1.0 mhz) 

Ccb 

— 

8.0 

pF 

Small-Signal Current Gain 
dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hfe 

30 

— 



(1) Pulse Test: Pulse Width = 300 fxs, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

100 

Vdc 

Collector-Base Voltage 

VCBO 

100 

Vdc 

Emitter-Base Voltage 

Vebo 

4.0 

Vdc 

Collector Current — Continuous 

ic 

600 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25“C 


5.0 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

1.5 

Watts 

Derate above 25°C 


12.0 

mwrc 

Operating and Storage Junction 

Tjf Tgtg 

-55 to +150 

X 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

83.3 

X/W 

Thermal Resistance, Junction to Ambient 

R0JA 

200 

x/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

100 


Vdc 

Collector-Base Breakdown Voltage 
dC = 100 /oAdc, Ie = 0) 

V(BR)CBO 

100 


Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 /aAdc, Ic = 0) 

V(BR)EBO 

4.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 50 Vdc, Ie = 0) 

'CBO 

— 

1.0 

/aAdc 

Emitter Cutoff Current 
(Vbe = 3.0 Vdc, Ic = 0) 

'ebo 

— 

100 

nAdc 


ON CHARACTERISTICSd) 


DC Current Gain(1) 
dC = 50 mAdc, Vqe = 5.0 Vdc) 

hpE 

40 

250 

— 

Collector-Emitter Saturation Voltage 

VCE(sat) 



Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 


— 

0.25 


(Ic = 50 mAdc, Ib = 5.0 mAdc) 


— 

0.30 


Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

(Ic = 10 mAdc, Ib = 1.0 mAdc) 


— 

1.2 


dC = 50 mAdc, Ib = 5.0 mAdc) 


— 

1.2 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

fr 

60 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

^obo 

— 

8.0 

pF 

Small-Signal Current Gain 
dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hfe 

20 

— 

— 


(1) Pulse Test: Pulse Test = 300 /as, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 


Vdc 

MPSW01 


30 


MPSWOIA 


40 


Collector-Base Voltage 

VCBO 


Vdc 

MPSWOI 


40 


MPSWOIA 


50 


Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

'c 

1000 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/X 

Total Device Dissipation @ Tq = 25°C 

Pd 

2.5 

Watts 

Derate above 25°C 


20 

mW/X 

Operating and Storage Junction 

Tj, Tgtg 

- 55 to +150 

X 

Temperature Range 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

50 

X/W 

Thermal Resistance, Junction to Ambient 

P^JA 1 

125 

x/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 10 mAdc, Ib = 0) 

MPSWOI 

MPSWOIA 

V(BR)CEO 

30 

40 


Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dC = 100 ixAdc, Ie = 0) 

MPSWOI 


40 

— 



MPSWOIA 


50 

— 


Emitter-Base Breakdown Voltage 


V(BR)EB0 

5.0 

— 

Vdc 

(Ie = 100 fxAdc, Ic = 0) 






Collector Cutoff Current 


ICBO 



^Adc 

(VcB = 30 Vdc, Ie = 0) 

MPSWOI 


— 

0.1 


(VcB = 40 Vdc, Ie = 0) 

MPSWOIA 


— 

0.1 


Emitter Cutoff Current 


•ebo 

— 

0.1 

/.(Adc 

(Veb = 3.0 Vdc, Ic = 0) 







ON CHARACTERISTICS! 1) 


DC Current Gain 
dC = 10 mAdc, VcE = TO Vdc) 
dC = 100 mAdc, VcE = 10 Vdc) 
dC = 1000 mAdc, Vqe = 10 Vdc) 

Hfe 

55 

60 

50 



Collector-Emitter Saturation Voltage 
dC = 1000 mAdc, Ib = 100 mAdc) 

VcE(sat) 

— 

0.5 

Vdc 

Base-Emitter On Voltage 
dC = 1000 mAdc, Vqe = 1-0 Vdc) 

VBE(on) 

— 

1.2 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, Vqe = 10 Vdc, f = 20 MHz) 

fr 

50 

— 

MHz 

1 

Output Capacitance 
(VcB = 10 Vdc, Ib = 0, f = 1.0 MHz) 

Cobo 

1 

20 

PF 


(1) Pulse Test: Pulse Width ^ 300 fxs, Duty Cycle ^ 2.0%. 
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MPSW01, A 


2 



10 20 50 100 200 500 1000 

IC, COLLECTOR CURRENT (mA) 


FIGURE 2 — COLLECTOR SATURATION REGION 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 

IB. base current (mA) 



Iq, collector current (mA) 



IC, COLLECTOR CURRENT (mA) 



10 20 50 100 200 1000 

•C, COLLECTOR CURRENT (mA) 


FIGURE 6 - CAPACITANCE 



Vr. reverse voltage (VOLTS) 
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MPSW01, A 


FIGURE 7 - ACTIVE REGION-SAFE OPERATING AREA 
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Vqe, COLLECTOR-EMinER VOLTAGE (V) 
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MAXIMUM RATINGS 


Rating 

Symbol 

MPSW05 

MPSW06 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

80 

Vdc 

Collector-Base Voltage 

VCBO 

60 

80 

Vdc 

Emitter-Base Voltage 

Vebo 

4.0 

Vdc 

Collector Current — Continuous 

ic 

500 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Total Device Dissipation @ Tc == 25°C 

Pd 

2.5 

Watts 

Derate above 25°C 


20 

mW/°C 

Operating and Storage Junction 

Tj/ Tstg 

- 55 to +150 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

50 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

125 

°c/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dc = 1.0 mAdc, Ib = 0) 

MPSW05 

MPSW06 

V{BR)CEO 

60 

80 

- 

Vdc 

Emitter-Base Breakdown Voltage 


V(BR)EBO 

4.0 

— 

Vdc 

(Ie = 100 /xAdc, Ic = 0) 






Collector Cutoff Current 


'CEO 



fiAdc 

(VcE = 40 Vdc, Ib = 0) 

MPSW05 


— 

0.5 


(VcE = 60 Vdc, Ib = 0) 

MPSW06 


— 

0.5 


Collector Cutoff Current 


'CBO 



IxAdc 

(VcB = 40 Vdc, Ie = 0) 

MPSW05 


— 

0.1 


(VcB = 60 Vdc, Ie = 0) 

MPSW06 


— 

0.1 


Emitter Cutoff Current 


'ebo 

— 

0.1 

fiAdc 

(Veb = 3.0 Vdc, Ic = 0) 







ON CHARACTERISTICS! 1) 


DC Current Gain 
dc = 50 mAdc, VcE = 1-0 Vdc) 
dc = 250 mAdc, VcE = 1-0 Vdc) 

hpE 

80 

60 

- 

— 

Collector-Emitter Saturation Voltage 
dc = 250 mAdc, Ib = 10 mAdc) 

VcE(sat) 

— 

0.40 

Vdc 

Base-Emitter Saturation Voltage 
dc = 250 mAdc, VcE = 5.0 Vdc) 

VBE(sat) 

— 

1.2 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 200 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

h 

50 

- 

MHz 

Output Capacitance 
(VcB = 10 V, f = 1.0 MHz) 

Cobo 

— 

12 

PF 


(1) Pulse Test: Pulse Width < 300 fxs, Duty Cycle ^ 2.0%. 
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0VB. TEMPERATURE COEFFICIENT (mV/oC) VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) hpE, DC CURRENT GAIN 


MPSW05, MPSW06 



0 5 0 7 1.0 2 0 3 0 5.0 7.0 10 20 30 50 70 100 200 300 500 

IC, COLLECTOR CURRENT (mA) 



0.05 0 1 0.2 0.5 1.0 2.0 5.0 10 20 50 

Ib, base current (mA) 


FIGURE 4 — BASE-EMITTER 
TEMPERATURE COEFFICIENT 
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IC, COLLECTOR CURRENT (mA) 



0 5 1 0 2 0 5 0 10 20 50 100 200 500 

IC, COLLECTOR CURRENT (mA) 
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Vr, REVERSE VOLTAGE (VOLTS) 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MPSW05, MPSW06 


FIGURE 6 - CURRENT GAIN - BANDWIDTH PRODUCT 



FIGURE 7 - ACTIVE REGION - SAFE OPERATING AREA 



1.0 2.0 5.0 10 20 60 80 100 

VcE- COLLECTOR-EMinER VOLTAGE (VOLTS) 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

300 

Vdc 

Collector-Base Voltage 

VCBO 

300 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

Vdc 

Collector Current — Continuous 

ic 

500 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

2.5 

Watts 

Derate above 25°C 


20 

mW/°C 

Operating and Storage Junction 

Tj/ Tstg 

- 55 to -1-150 

°C 

Temperature Range 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

50 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

125 

x/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min 1 Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 1-0 mAdc, Ib = 0) 

V(BR)CEO 

300 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 100 AAdc, Ie = 0) 

V(BR)CBO 

300 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 100 ixAdc, Ic - 0) 

V(BR)EBO 

6.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 200 Vdc, Ie = 0) 

ICBO 

— 

0.2 

juAdc 

Emitter Cutoff Current 
(Veb = 6.0 Vdc, Ic = 0) 

Iebo 

— 

0.1 

/lAdc 


ON CHARACTERISTICSd) 


DC Current Gain 

dC = 1.0 mAdc, VcE = 10 Vdc) 
dC = 10 mAdc, VcE = 10 Vdc) 
dC = 30 mAdc, Vce = 10 Vdc) 

hpE 

25 

40 

40 

- 


Collector-Emitter Saturation Voltage 
dC = 30 mAdc, Ib = 3.0 mAdc) 

VcE(sat) 

— 

0.75 

Vdc 

Base-Emitter On Voltage 
dC = 30 mAdc, VcE = 10 Vdc) 

VBE(on) 

— 

0.85 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, Vce = 20 Vdc, f = 20 MHz) 

fr 

45 

— 

MHz 

Collector-Base Capacitance 
(VcB = 20 Vdc, Ie = 0, f = 1.0 MHz) 

Ccb 

— 

3.0 

PF 


(1) Pulse Test: Pulse Width 300 fxs, Duty Cycle « 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCES 

30 

Vdc 

Collector-Base Voltage 

VCBO 

30 

Vdc 

Emitter-Base Voltage 

vebo 

10 

Vdc 

Collector Current — Continuous 

•c 

1.0 

Adc 

Total Device Dissipation @ Ta = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

2.5 

Watts 

Derate above 25°C 


20 

mW/°C 

Operating and Storage Junction 

Tgtg 

-55 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

50 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

125 

°c/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC =100 ixAdc, Vbe = 0) 

V(BR)CES 

30 

— 

Vdc 

Collector Cutoff Current 
(VcB = 30 Vdc, Ie = 0) 

ICBO 

— 

100 

nAdc 

Emitter Cutoff Current 
(Veb = 10 Vdc, Ic = 0) 

Iebo 

— 

100 

nAdc 


ON CHARACTERISTICS! 1) 


DC Current Gain 
dC = 10 mAdc, VcE = 5.0 Vdc) 

MPSW13 

MPSW14 

hpE 

5000 

10,000 

- 


dC = 100 mAdc, VcE = 5.0 Vdc) 

MPSW13 

MPSW14 


10,000 

20,000 

- 


Collector-Emitter Saturation Voltage 
dC = 100 mAdc, Ib = 0.1 mAdc) 

VCE(sat) 

— 

1.5 

Vdc 

Base-Emitter On Voltage 
dC - 100 mAdc, VcE = 5.0 Vdc) 

VBE(on) 

— 

2.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 

fT 

125 

— 

MHz 

dC = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 


1 




(1) Pulse Test: Pulse Width ^ 300 /xs, Duty Cycle 2.0%. 

(2) fj = |hfe| • ftest- 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 





V, VOLTAGE (VOLTS) 



MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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,hfe„ SMALL-SIGNAL CURRENT GAIN 


MPSW13, MPSW14 



0 5 1 0 2 0 0 5 10 20 50 100 200 500 

tC, COLLECTOR CURRENT (mA) 



0 04 01 02 04 10 20 40 10 20 40 

Vr, reverse voltage (VOLTS) 
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MAXIMUM RATINGS 


Rating 

Symbol 

MPSW42 

MPSW43 

Unit 

Collector-Emitter Voltage 

VCEO 

300 

200 

Vdc 

Collector-Base Voltage 

VCBO 

300 

200 

Vdc 

Emitter-Base Voltage 

vebo 

6.0 

Vdc 

Collector Current — Continuous 

•c 

500 

mAdc 

Total Device Dissipation @ Ta = 25°C 

pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Total Device Dissipation @ Tc == 25°C 

pd 

2.5 

Watts 

Derate above 25°C 


20 

mW/X 

Operating and Storage Junction 

Tj» Tgtg 

- 55 to +150 

X 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

50 

X/W 

Thermal Resistance, Junction to Ambient 

R^ja 

125 

x/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 1.0 mAdc, Ib = 0) 

MPSW42 

MPSW43 

V(BR)CEO 

300 

200 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CB0 



Vdc 

dC = 100 AtAdc, Ie = 0) 

MPSW42 


300 

— 



MPSW43 


200 

— 


Emitter-Base Breakdown Voltage 


V{BR)EBO 

6.0 

— 

Vdc 

(Ie = 100 fxAdc, Ic = 0) 






Collector Cutoff Current 


ICBO 



fjiAdc 

(VcB = 200 Vdc, Ie = 0) 

MPSW42 


— 

0.1 


(VcB = 160 Vdc, Ie = 0) 

MPSW43 


— 

0.1 


Emitter Cutoff Current 


Iebo 

! 


/u.Adc 

(Veb = 6.0 Vdc, Ic = 0) 

MPSW42 


— 

0.1 


(Veb = 4.0 Vdc, Ic = 0) 

MPSW43 


— 

0.1 



ON CHARACTERISTICS 


DC Current Gain 
dC = 1.0 mAdc, VcE = 10 Vdc) 
dC = 10 mAdc, VcE = 10 Vdc) 
dC = 30 mAdc, Vce = 10 Vdc) 

Both Types 

Both Types 

MPSW42 

MPSW43 

hpE 

25 

40 

40 

40 

— 


Collector-Emitter Saturation Voltage 


VcE(sat) 



Vdc 

dC = 20 mAdc, Ib = 2.0 mAdc) 

MPSW42 


— 

0.5 



MPSW43 


— 

0.5 


Base-Emitter Saturation Voltage 


VBE(sat) 

_ 

0.9 

Vdc 

(Ic = 20 mAdc, Ib = 2.0 mAdc) 



I 




SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, Vce = 20 Vdc, f = 20 MHz) 

^T 

50 

— 

MHz 

Collector-Base Capacitance 


^cb 



pF 

(VcB = 20 Vdc, Ie = 0, f = 1.0 MHz) 

MPSW42 


— 

3.0 



MPSW43 


— 

4.0 



(1) Pulse Test: Pulse Width 300 ijs, Duty Cycle < 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 





C, CAPACITANCE (pF) V, VOLTAGE (VOLTS) hpE, DC CURRENT GAIN 


MPSW 42 , MPSW 43 


FIGURE 1 - D C. CURRENT GAIN 

— I — I — — r I n I — — 

I VcE = 10V Tj= 1250 c 


FIGURE 2 - COLLECTOR SATURATION REGION 




2.0 3,0 5.0 7 0 10 20 30 50 70 100 

IC, COLLECTOR CURRENT (mA) 


0.1 0 2 0.5 1.0 2.0 5.0 10 20 30 

IB, base CURRENT (mA) 


FIGURE 3 - ON VOLTAGES 


FIGURE 4 - TEMPERATURE COEFFICIENTS 


VBE(sat)@IC/lB = lOr 


VBE(on)@VcE = 10 V 


~VcE(sat)@lc/'B = 10f 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCES 

40 

Vdc 

Collector-Base Voltage 

VCBO 

50 

Vdc 

Emitter-Base Voltage 

Vebo 

12 

Vdc 

Collector Current — Continuous 

'c 

1.0 

Adc 

Total Device Dissipation @ Ta = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/X 

Total Device Dissipation @ Tc = 25°C 

Pd 

2.5 

Watts 

Derate above 25°C 


20 

mW/X 

Operating and Storage Junction 

Tj. Tstg 

-55 to -1- 150 

X 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

50 

X/W 

1 

Thermal Resistance, Junction to Ambient 

P^JA 

125 

x/w 


IVIPSW45 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 



DARLINGTON TRANSISTOR 

NPN SILICON 


Refer to 2N6426 for graphs. 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min 1 Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 100 ^Adc, Vbe = 0) 

V(BR)CES 

40 

- 

Vdc 

Collector-Base Breakdown Voltage 
dC = 100 luAdc, Ie = 0) 

V(BR)CBO 

50 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 fiAdc, Ic = 0) 

V(BR)EBO 

12 

— 

Vdc 

Collector Cutoff Current 
(VcB = 30 Vdc, Ie = 0) 

'CBO 

— 

100 

nAdc 

Emitter Cutoff Current 
(Veb = 10 Vdc, Ic = 0) 

'ebo 

— 

100 

nAdc 


ON CHARACTERISTICSd) 


DC Current Gain 

dC = 200 mAdc, Vqe = 5.0 Vdc) 
dC = 500 mAdc, Vqe = 5.0 Vdc) 
dC = 1.0 Adc, VcE = 5.0 Vdc) 

hpE 

25.000 

15.000 

4.000 

150,000 


Collector-Emitter Saturation Voltage 
dC = 1.0 Adc, Ib = 2.0 mAdc) 

VCE(sat) 

— 

1.5 

Vdc 

Base-Emitter Saturation Voltage 
dC = 1.0 Adc, Ib = 2.0 mAdc) 

VBE(sat) 

— 

2.0 

Vdc 

Base-Emitter On Voltage 
dC = 1.0 Adc, VcE = 5.0 Vdc) 

VBE(on) 

— 

2.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 200 mAdc, Vqe = 5.0 Vdc, f = 100 MHz) 

fr 

100 

- 

MHz 

Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Ccb 

— 

6.0 

pF 


(1) Pulse Test: Pulse Width ^ 300 /is, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 


Vdc 

MPSW51 


30 


MPSW51A 


40 


Collector-Base Voltage 

VCBO 


Vdc 

MPSW51 


40 


MPSW51A 


50 


Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

•c 

1000 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


.8«. 

mW/°C 

Total Device Dissipation @ Tc = 25X 

Pd 

2.5 

Watts 

Derate above 25°C 


20 

mW/°C 

Operating and Storage Junction 

l^stg 

-55 to 150 

°C 

Temperature Range 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

50 

X/W 

Thermal Resistance, Junction to Ambient 

R^ja I 

125 

°c/w 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dc = 1.0 mAdc, Ib = 0) 

MPSW51 

MPSW51A 

V(BR)CEO 

30 

40 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dc = 100 fiAdc, Ie = 0) 

MPSW51 


40 

— 



MPSW51A 


50 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 100 /xAdc, Ic = 0) 






Collector Cutoff Current 


'CBO 



fiMc 

(VcB = 30 Vdc, Ie = 0) 

MPSW51 


— 

0.1 


(VcB = 40 Vdc, Ie = 0) 

MPSW51A 


— 

0.1 


Emitter Cutoff Current 


Iebo 

— 

0.1 

/uAdc 

(Veb = 3.0 Vdc, Ic = 0) 




1 



ON CHARACTERISTICSd) 


DC Current Gain 
dc = 10 mAdc, VcE = 1-0 Vdc) 
dc = 100 mAdc, VcE = 1-0 Vdc) 
dc = 1000 mAdc, VcE = 1-0 Vdc) 

hpE 

55 

60 

50 

- 


Collector-Emitter Saturation Voltage 
dc = 1000 mAdc, Ib = 100 mAdc) 

VcE(sat) 

— 

0.7 

Vdc 

Base-Emitter On Voltage 
dc == 1000 mAdc, VcE = 10 Vdc) 

VBE(on) 

— 

1.2 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

fr 

50 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Cobo 

1 

— 

30 

1 

PP 


(1) Pulse Test: Pulse Width ^ 300 /xs, Duty Cycle ^ 2.0%. 
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MPSW51, A 


FIGURE 1 - DC CURRENT GAIN 


FIGURE 2 - COLLECTOR SATURATION REGION 
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IC, COLLECTOR CURRENT (mA) 
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FIGURE 3 - ON VOLTAGES 


FIGURE 4 - TEMPERATURE COEFFICIENT 
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f VCE(SAT) @ 'C /•b= IOT 
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FIGURE 5 -CURRENT GAIN-BANDWIDTH PRODUCT 


FIGURE 6 - CAPACITANCE 
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MPSW51, A 


FIGURE 7 — ACTIVE REGION-SAFE OPERATING AREA 
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MAXIMUM RATINGS 


Rating 

Symbol 

MPSW55 

3 

i 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

80 

Vdc 

Collector-Base Voltage 

VCBO 

60 

80 

Vdc 

Emitter-Base Voltage 

Vebo 

4.0 

Vdc 

Collector Current — Continuous 

>C 

500 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Total Device Dissipation @ Tq = 25X 

Pd 

2.5 

Watts 

Derate above 25°C 


20 

mW/°C 

Operating and Storage Junction 

^stg 

— 55 to -f- 1 50 

X 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max j 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

50 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

125 ’ 

°c/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage! 1) 
dC = 1.0 mAdc, Ib = 0) 

MPSW55 

MPSW56 

V(BR)CEO 

60 

80 

- 

Vdc 

Emitter-Base Breakdown Voltage 


V(BR)EBO 

4.0 

_ 

Vdc 

(Ie = 100 )uAdc, Ic = 0) 






Collector Cutoff Current 


>CEO 



/lAdc 

(VcE = 40 Vdc, Ib = 0) 

MPSW55 


— 

0.5 


(VcE = 60 Vdc, Ib = 0) 

MPSW56 


— 

0.5 


Collector Cutoff Current 


ICBO 



/iAdc 

(VcB = 40 Vdc, Ie = 0) 

MPSW55 


— 

0.1 


(VcB = 60 Vdc, Ie = 0) 

MPSW56 


— 

0.1 


Emitter Cutoff Current 


Iebo 

— 

0.1 

/aAdc 

(Veb = 3.0 Vdc, Ic = 0) 







ON CHARACTERISTICS^) 


DC Current Gain 
dC = 50 mAdc, Vqe = 1-0 Vdc) 
dC = 250 mAdc, Vqe = 1-0 Vdc) 

hpE 

100 

50 

- 

— 

Collector-Emitter Saturation Voltage 
(Ic = 250 mAdc, Ib = 10 mAdc) 

VCE(sat) 

— 

0.5 

Vdc 

Base-Emitter On Voltage 
dC = 250 mAdc, VcE = 5.0 Vdc) 

VBE(on) 

— 

1.2 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 250 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

fr 

50 

__ 

MHz 

Output Capacitance 
(Vcb = 10 Vdc, f = 1.0 MHz) 

Cobo 

— 

15 

PF 


(1) Pulse Test: Pulse Width ^ 300 fis, Duty Cycle ^ 2.0%. 
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0VB, TEMPERATURE COEFFICIENT (mV/oC) VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) ^fe. OC CURRENT GAIN 


MPSW55, MPSW56 


FIGURE 1 — D.C. CURRENT GAIN 



FIGURE 2 - COLLECTOR SATURATION REGION 
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FIGURE 4 - BASE-EMITTER 
TEMPERATURE COEFFICIENT 
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FIGURE 5 - CAPACITANCE 
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MPSW55, MPSW56 
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MAXIMUM RATINGS 


Rating 

Symbol 

MPSW63 

MPSW64 

Unit 

Collector-Emitter Voltage 

VCES 

30 

Vdc 

Collector-Base Voltage 

VCBO 

30 

Vdc 

Emitter-Base Voltage 

Vebo 

10 

Vdc 

Collector Current — Continuous 

'c 

500 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mwrc 

Total Device Dissipation @ Tq = 25°C 

pd 

2.5 

Watts 

Derate above 25°C 


20 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj» Tgtg 

-55 to -1-150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rejc 

50 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

125 

°c/w 


MPSW63 

MPSW64 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 



ONE WATT 

DARLINGTON TRANSISTORS 

PNP SILICON 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 100 /AAdc, Vbe = 0) 

V{BR)CES 

30 

— 

Vdc 

Collector Cutoff Current 
(VcB = 30 Vdc, Ie = 0) 

ICBO 

— 

100 

nAdc 

Emitter Cutoff Current 
(Veb = 10 Vdc, Ic = 0) 

'ebo 

— 

100 

nAdc 


ON CHARACTERISTICS^) 


DC Current Gain 
dC = 10 mAdc, VcE = 5.0 Vdc) 

dC = 100 mAdc, VcE = 5.0 Vdc) 

MPSW63 

MPSW64 

MPSW63 

MPSW64 

hpE 

5.000 

10.000 

10,000 

20,000 

— 


Collector-Emitter Saturation Voltage 
(Ic = 100 mAdc, Ib = 0.1 mAdc) 


VcE(sat) 

— 

1.5 

Vdc 

Base-Emitter On Voltage 
dC = 100 mAdc, VcE = 5.0 Vdc) 


VBE(on) 

— 

2.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 

fT 

125 

_ 

MHz 

dC = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 


1 




(1) Pulse Test; Pulse Width ^ 300 /as. Duty Cycle 2.0%. 

(2) fj = Ihfel • ftest- 
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TEMPERATURE COEFFICIENT (mWC) v, voltage (volts) hpE- DC CURRENT gain (xi.o k) 


MPSW63, MPSW64 

TYPICAL ELECTRICAL CHARACTERISTICS 



0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 


IC, COLLECTOR CURRENT (mA) 


FIGURE 2 - “ON" VOLTAGE 


FIGURE 3 - COLLECTOR SATURATION REGION 




0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 IK 2K 5K10K 

Ib, base CURRENT (uM 


FIGURE 4 - TEMPERATURE COEFFICIENTS 




IC, COLLECTOR CURRENT (mA) 
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C, CAPACITANCE (pF) 


MPSW63, MPSW64 


FIGURE 6 - CAPACITANCE 



FIGURE 7 - ACTIVE REGION, SAFE OPERATING AREA 
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VcE, COLLECTOR-EMinER VOLTAGE (V) 
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MAXIMUM RATINGS 


Rating 

Symbol 

MPSW92 

MPSW93 

Unit 

Collector-Emitter Voltage 

VCEO 

300 

200 

Vdc 

Collector-Base Voltage 

VCBO 

300 

200 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

500 

mAdc 

Total Device Dissipation @ Ta = 25°C 

pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/“C 

Total Device Dissipation @ Tc = 25°C 

pd 

2.5 

Watts 

Derate above 25°C 


20 

mW/°C 

Operating and Storage Junction 

Tj# Tgtg 

— 55 to +150 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

50 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

125 

°c/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic \ Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 1.0 mAdc, Ib = 0) 

MPSW92 

MPSW93 

V(BR)CEO 

— 

300 

200 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dC = 100 MAdc, 1e = 0) 

MPSW92 


300 

— 



MPSW93 


200 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 100 fiAdc, Ic = 0) 






Collector Cutoff Current 


'CBO 



MAdc 

(VcB = 200 Vdc, Ie = 0) 

MPSW92 


— 

0.25 


(VcB = 160 Vdc, Ie = 0) 

MPSW93 


— 

0.25 


Emitter Cutoff Current 


'ebo 

— 

0.1 

MAdc 

(Veb = 3.0 Vdc, Ic = 0) 







ON CHARACTERISTICSd) 


DC Current Gain 
dC = 1.0 mAdc, VcE = 10 Vdc) 
dC = 10 mAdc, VcE = 10 Vdc) 
dC = 30 mAdc, VcE = 10 Vdc) 

Both Types 

Both Types 

MPSW92 

MPSW93 

hpE 

25 

40 

25 

25 

'Hr* 


Collector-Emitter Saturation Voltage 


VCE(sat) 



Vdc 

dC = 20 mAdc, Ib = 2.0 mAdc) 

MPSW92 


— 

0.5 



MPSW93 


— 

0.5 


Base-Emitter Saturation Voltage 


VBE(sat) 

_ 

0.9 

Vdc 

dC == 20 mAdc, Ib = 2.0 mAdc) 







SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VcE = 20 Vdc, f = 20 MHz) 

fT 

50 

— 

MHz 

Collector-Base Capacitance 


^cb 



pF 

(VcB = 20 Vdc, Ie = 0, f = 1.0 MHz) 

MPSW92 


— 

6.0 



MPSW93 


— 

8.0 



(1) Pulse Test: Pulse Width 300 /lis, Duty Cycle ^ 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


2-440 






C, CAPACITANCE (pF) V, VOLTAGE (VOLTS) hpE, DC CURRENT GAIN 
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MPSW92, MPSW93 


FIGURE 7 - ACTIVE REGION SAFE OPERATING AREA 



10 20 50 100 200 300 


VcE. COLLECTOR-EMIHER VOLTAGE (VOLTS) 
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MAXIMUM RATINGS 


Rating 

Symbol 

PBF259,S 

Unit 

Collector-Emitter Voltage 

VCEO 

300 

Vdc 

Collector-Base Voltage 

VCBO 

300 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

ic 

500 

mAdc 

Total Device Dissipation @Ta = 25°C 

pd 

625 

Watt 

Derate above 25°C 


5.0 

mwrc 

Total Device Dissipation @Tc = 25°C 

pd 

1.5 

Watt 

Derate above 25°C 


12 

mwrc 

Operating and Storage Junction 

Tj, Tstg 

-55 to +150 


Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R6IJC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JC 

200 

°c/w 



ELECTRICAL CHARACTERISTICS (T>\ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
dC =1.0 mAdc, Ib = 0) 

V(BR)CEO 

300 

— 

Vdc 

Collector-Base Breakdown Voltage 
(Ic = 10 /nAdc, If = 0) 

V(BR)CBO 

300 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 100 /xAdc, Ic = 0) 

V{BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 250 Vdc, Ie = 0) 

ICBO 

— 

50 

nAdc 

Emitter Cutoff Current 
(Veb = 3.0 V) 

Iebo 

— 

20 

nAdc 

Collector Cutoff Current 
(VcE = 10 V) 

•CEO 

— 

50 

nAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 
dC = 20 mAdc, Vce = 10 Vdc) 
dC = 1.0 mAdc, VcE = 10 Vdc) 
dC = 30 mAdc, VcE = 10 Vdc) 

PBF259S 

All Types 

All Types 

hPE 

60 

25 

25 

- 


Collector-Emitter Saturation Voltage 


VcE(sat) 



Vdc 

dC = 30 mAdc, Ib = 1.5 mAdc) 



— 

0.5 


(Ic = 30 mAdc, Ib = 60 mAdc) 



— 

1.0 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain Bandwidth Product 
dC = 10 mAdc, Vce = 10 Vdc, f = 20 MHz) 


40 

— 

MHz 

Output Capacitance 
(VcB = 20 Vdc, Ie = 0, f = 1.0 MHz) 

Cobo 

— 

3.0 

PF 
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MAXIMUM RATINGS 


Rating 

Symbol 

PBF493R,RS 

Unit 

Collector-Emitter Voltage 

VCEO 

300 

Vdc 

Collector-Base Voltage 

VCBO 

300 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

ic 

500 

mAdc 

Total Device Dissipation @ Ta = 25°C 

pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

pd 

1.5 

Watt 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 

Tj, Tstg 

-55 to +150 


Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rf^jc 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

Rf?JC 

200 

°c/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
dC = 3.0 mAdc, Ib = 0) 

V(BR)CEO 

300 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 10 fiAdc, Ig = 0) 

V(BR)CBO 

300 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 100 ^Adc, Ic = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 250 Vdc, Ie = 0) 

ICBO 

— 

50 

nAdc 

Emitter Cutoff Current 
(Veb = 3.0 V) 

Iebo 

— 

20 

nAdc 

Collector Cutoff Current 
(VcE = 10 V) 

•CEO 

j 

50 

nAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

dC = 20 mAdc, Vqe = 10 Vdc) PBF259RS 

dC = 1.0 mAdc, VcE = 10 Vdc) All Types 

dC = 30 mAdc, Vqe = 10 Vdc) All Types 

hpE 

60 

25 

25 

- 


Collector-Emitter Saturation Voltage 
dC = 30 mAdc, Ib = 1.5 mAdc) 
dC = 30 mAdc, Ib = 60 mAdc) 

VcE(sat) 

- 

0.5 

1.0 

Vdc 

Base-Emitter Saturation Voltage 
dC = 20 mA, Ib = 2.0 mA) 

VBE(sat) 

— 

0.9 

V 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain Bandwidth Product 
dC = 10 mAdc, VcE = 10 Vdc, f = 20 MHz) 

fr 

40 

- 

MHz 

Output Capacitance 
(VcB = 20 Vdc, Ie = 0, f = 1.0 MHz) 

Cobo 

— 

3.0 

PF 
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MAXIMUM RATINGS 


Rating 

Symbol 

PBF493, S 

Unit 

Collector-Emitter Voltage 

VCEO 

300 

Vdc 

Collector-Base Voltage 

VCBO 

300 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

ic 

500 

mAdc 

Total Device Dissipation @Ta = 25°C 

pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @Tc = 25°C 

pd 

1.5 

Watt 

Derate above 25‘^C 


12 

mW/°C 

Operating and Storage Junction 

Tj, Tstg 

-55 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R^JC 

200 

°c/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
dc = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

300 

— 

Vdc 

Collector-Base Breakdown Voltage 
dc = 10 /iAdc, Ie = 0) 

V(BR)CBO 

300 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 100 yu-Adc, Ic = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 200 Vdc, Ie = 0) 

ICBO 

— 

0.25 

jitAdc 

Emitter Cutoff Current 
(Veb = 3.0 V) 

Iebo 

— 

20 

nAdc 

Collector Cutoff Current 
(VcE = 10 V) 

ICEO 

— 

250 

nAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

dc = 0.1 mAdc, VcE = 1-0 Vdc) PBF493S 

dc = 1.0 mAdc, VcE = 10 Vdc) All Types 

dc = 30 mAdc, VcE = 10 Vdc) All Types 

hPE 

40 

40 

25 

- 


Collector-Emitter Saturation Voltage 
(Ic = 20 mAdc, Ib = 2.0 mAdc) 

VCE(sat) 

— 

0.5 

Vdc 

Base-Emitter Saturation Voltage 
dc = 20 mAdc, Ib = 2.0 mAdc) 

VBE(sat) 

— 

0.9 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain Bandwidth Product 
dc = 10 mAdc, VcE = 20 Vdc, f = 20 MHz) 

fr 

50 


MHz 

Output Capacitance 
(VcB = 20 Vdc, Ie = 0, f = 1.0 MHz) 

Cobo 

— 

6.0 

PF 
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Rating 

Symbol 

PBF259R,RS 

Unit 

Collector-Emitter Voltage 

VCEO 

300 

Vdc 

Collector-Base Voltage 

VCBO 

300 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

ic 

500 

mAdc 

Total Device Dissipation @Ta = 25°C 

pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

pd 

1.5 

Watt 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Junction 

Tj. Tstg 

-55 to +150 


Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^^JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

Rwc 

200 

°c/w 


ELECTRICAL CHARACTERISTICS (T>\ = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
dC = 1.0 mAdc, Ib = 0) 

V(BR)CE0 

300 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 10 AtAdc, Ie = 0) 

V(BR)CBO 

300 

— 

Vdc 

Emitter-Base Breakdown Voltage 
de = 100 ^Adc, Ic = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 200 Vdc, Ie = 0) 

•CBO 

— 

0.25 

fiAdc 

Emitter Cutoff Current 
(Veb = 3.0 V) 

Iebo 

— 

20 

nAdc 

Collector Cutoff Current 
(VcE = 10 V) 

ICEO 

— 

250 

nAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

dC = 0.1 mAdc, VcE = 10 Vdc) PBF493RS 

dC = 1.0 mAdc, VcE = 10 Vdc) All Types 

dC = 30 mAdc, Vqe =10 Vdc) All Types 

hPE 

40 

40 

25 

- 


Collector-Emitter Saturation Voltage 
dC = 20 mAdc, Ib = 2.0 mAdc) 

VCE(sat) 

— 

0.5 

Vdc 

Base-Emitter Saturation Voltage 
(Iq = 20 mAdc, Ib = 2.0 mAdc) 

VBE(sat) 

— 

0.9 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain Bandwidth Product 
dC = 10 mAdc, VcE = 20 Vdc, f = 20 MHz) 

Pr 

50 

— 

MHz 

Output Capacitance 
(VcB = 20 Vdc, Ie = 0, f = 1.0 MHz) 

Cobo 

— 

6.0 

PF 
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MAXIMUM RATINGS 


Rating 

Symbol 

P2N 

2222 

P2N 

2222A 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

40 

Vdc 

Collector-Base Voltage 

VCBO 

60 

75 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

6.0 

Vdc 

Collector Current - Continuous 

ic 

600 

mAdc 

Total Device Dissipation Ta = 25°C 
Derate above 25°C 

pd 

625 

5.0 

mW 

mW/°C 

Total Device Dissipation Tq = 25°C 
Derate above 25°C 

pd 

1.5 

12 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

- 55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R&JC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

PfiJA 

200 

°c/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic 



Symbol Min I Max Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mAdc, Ib = 0) 

P2N2222 

P2N2222A 

V(BR)CEO 

30 

40 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dC = 10/xAdc, Ie = 0) 

P2N2222 


60 

— 



P2N2222A 


75 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 



Vdc 

(Ie = 10 fiAdc, Ic = 0) 

P2N2222 


5.0 

— 



P2N2222A 


6.0 

— 


Collector Cutoff Current 


ICEX 

— 

10 

nAdc 

(VcE = 60 Vdc, VEB(off) = 3.0 Vdc) 

P2N2222A 





Collector Cutoff Current 


•CBO 



juAdc 

(VcB = 50 Vdc, Ie = 0) 

P2N2222 


— 

0.01 


(VcB = 60 Vdc, Ie = 0) 

P2N2222A 


— 

0.01 


(VcB = 50 Vdc, Ie = 0, Ta = 150°C) 

P2N2222 


— 

10 


(VcB = 60 Vdc, Ie = 0, Ta = 150°C) 

P2N2222A 


— 

10 


Emitter Cutoff Current 


Iebo 

— 

10 

nAdc 

(Veb = 3.0 Vdc, Ic = 0) 

P2N2222A 





Collector Cutoff Current 


'CEO 

— 

10 

nAdc 

(VcE = 10 V) 






Base Cutoff Current 


Ibex 

— 

20 

nAdc 

(VcE = 60 Vdc, VEB(off) = 3.0 Vdc) 

P2N2222A 






ON CHARACTERISTICS 


DC Current Gain 


hpE 



— 

dC = 0.1 mAdc, VcE = 10 Vdc) 



35 

— 


dC = 1.0 mAdc, VcE = 10 Vdc) 



50 

— 


dC = 10 mAdc, VcE = 10 Vdc) 



75 

— 


dC = 10 mAdc, VcE = 10 Vdc, Ta = -55°C) 

P2N2222A only 


35 

— 


dC = 150 mAdc, VcE = 10 Vdc) (1) 



100 

300 


dC = 150 mAdc, Vqe = 1.0 Vdc) (1) 



50 

— 


dC = 500 mAdc, Vqe = 10 Vdc) (1) 

P2N2222 


30 

— 



P2N2222A 


40 

— 


Collector-Emitter Saturation Voltage (1) 


VCE(sat) 



Vdc 

dC = 150 mAdc, Ib = 15 mAdc) 

P2N2222 

— 

0.4 



P2N2222A 


— 

0.3 


dC = 500 mAdc, Ib = 50 mAdc) 

P2N2222 


— 

1.6 



P2N2222A 




1.0 
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P2N2222, A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25 °C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Base-Emitter Saturation Voltage (1) 


VBE(sat) 



Vdc 

(IC = 1 50 mAdc, Ib = 1 5 mAdc) 

P2N2222 

— 

1.3 



P2N2222A 


0.6 

1.2 


(IC = 500 mAdc, Ib = 50 mAdc) 

P2N2222 


_ 

2.6 



P2N2222A 


— 

2.0 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain - Bandwidth Product (2) 

(IC = 20 mAdc, VcE = 20 Vdc, f = 1 00 MHz) 

P2N2222 

P2N2222A 

fT 

250 

300 

- 

MHz 

Output Capacitance 


Cobo 



pF 

(VcB = 1 0 Vdc, lE = 0, f = 1 .0 MHz) 



— 

8.0 


Input Capacitance 


Cibo 



pF 

(Veb = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

P2N2222 


— 

30 



P2N2222A 


— 

25 


Input Impedance 


hie 



kQ 

dC = 1 .0 mAdc, VcE = 1 0 Vdc, f = 1 .0 kHz) 

P2N2222A 


2.0 

8.0 


dC = 1 0 mAdc, VcE = 1 0 Vdc, f = 1 .0 kHz) 

P2N2222A 


0.25 

1.25 


Voltage Feedback Ratio 


hre 



X10“^ 

dC = 1 .0 mAdc, VcE = 1 0 Vdc, f = 1 .0 kHz) 

P2N2222A 


— 

8.0 


dC = 10 mAdc, VcE = 1 0 Vdc, f = 1 .0 kHz) 

P2N2222A 


— 

4.0 


Small-Signal Current Gain 


hfe 



__ 

(Ic = 1 -0 mAdc, VcE = 1 0 Vdc, f = 1 .0 kHz) 

P2N2222A 


50 

300 


(Ic = 10 mAdc, VcE = 1 0 Vdc, f = 1 .0 kHz) 

P2N2222A 


75 

375 


Output Admittance 


hoe 



pmhos 

(Ic = 1 .0 mAdc, VcE = 1 0 Vdc, f = 1 .0 kHz) 

P2N2222A 


5.0 

35 


dC = 10 mAdc, VcE = 1 0 Vdc, f = 1 .0 kHz) 

P2N2222A 


25 

200 


Collector Base Time Constant 


rb'Cc 



ps 

(lE = 20 mAdc, VcB = 20 Vdc, f = 31 .8 MHz) 

P2N2222A 


— 

150 


Noise Figure (Ic = 100 pAdc, 


nf 



dB 

VcE = 1 0 Vdc, Rs 1 .0 kQ, f = 1 .0 kHz) 

P2N2222A 



4.0 



SWITCHING CHARACTERISTICS MPS2222A only 


Delay Time 

(Vcc = 30 Vdc, VBE(off) = 0.5 Vdc, 

td 

— 

10 

ns 

Rise Time 

Ic = 150 mAdc, Ibi =15 mAdc) (Figure 1) 

tr 

— 

25 

ns 

Storage Time 

(Vcc = 30 Vdc, Ic = 1 50 mAdc, 

ts 

/ 

225 

ns 

Fall Time 

•B1 ~ IB2 ~ 1 5 mAdc) (Figure 2) 

tf 


60 

ns 


(1) Pulse Test: Pulse Width ^ 300 |j,s. Duty Cycle ^ 2.0%. (2) fj is defined as the frequency at which Ihfel extrapolates to unity. 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 

FIGURE 1 TURN ON TIME FIGURE 2 - TURN-OFF TIME 




U- 1.0 to 100 *i«. DUTY 
CYCLE «»• 2%. 


^ +30 V 
> 200 




2 n» 


|Cs* < 10 pF 
I J 


Scop* Bit* Tim* < 4 nt 
*Tot*l shunt capacitanc* of tast jig, 
connactors, and oscilioscop*. 



-14 V 


Cs‘ < 10 pF 
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MAXIMUM RATINGS 


Rating 

Symbol 

P2N 

2907 

P2N 

2907A 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

60 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

ic 

600 

mAdc 

Total Device Dissipation Ta = 25°C 

pd 

625 

mW 

Derate above 25°C 


5.0 

mW/®C 

Total Device Dissipation Tc = 25°C 

pd 

1.5 

Watts 

Derate above 25°C 


12 

mwrc 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

RdJC 

83.3 

°C/W 

Thermal Resistance, Junction to Ambient 

Roja 

200 

°c/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic 



Symbol I Min | Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
dC = 10 mAdc, Ib = 0) P2N2907 

P2N2907A 

V(BR)CEO 

40 

60 

- 

Vdc 

Collector-Base Breakdown Voltage 
(Ic = 10 ixAdc, Ie = 0) 

V(BR)CBO 

60 


Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 )u,Adc, Ic = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current 
(VcE = 30 Vdc, VEB(off) = 0.5 Vdc) 

•CEX 

— 

50 

nAdc 

Collector Cutoff Current 

(VcB = 50 Vdc, Ie = 0) P2N2907 

P2N2907A 

(VcB = 50 Vdc, Ie = 0, Ta = 150°C) P2N2907 

P2N2907A 

ICBO 

- 

0.02 

0.01 

20 

10 

fiAdc 

Emitter Cutoff Current 
(Veb = 3.0 Vdc) 

Iebo 

— 

10 

nAdc 

Collector Cutoff Current 
(VcE = 10 V) 

'CEO 

— 

10 

nAdc 

Base Cutoff Current 
(VcE = 30 Vdc, VEB(off) = 0.5 Vdc) 

Ibex 

— 

50 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(IC = 0.1 mAdc, VcE = 10 Vdc) 

dC = 1.0 mAdc, VcE = 10 Vdc) 

dC = 10 mAdc, VcE = 10 Vdc) 

dC = 150 mAdc, VcE = 10 Vdc) (1) 
dC = 500 mAdc, Vqe = 10 Vdc) (1) 

P2N2907 

P2N2907A 

P2N2907 

P2N2907A 

P2N2907 

P2N2907A 

P2N2907, P2N2907A 

P2N2907 

P2N2907A 

hPE 

35 

75 

50 

100 

75 

100 

100 

30 

50 

— 

300 


Collector-Emitter Saturation Voltage (1) 


VcE(sat) 



Vdc 

(Ic = 150 mAdc, Ib = 15 mAdc) 



— 

0.4 


(Ic = 500 mAdc, Ib = 50 mAdc) 



— 

1.6 


Base-Emitter Saturation Voltage (1) 


VBE(sat) 



Vdc 

(Ic ^ 150 mAdc, Ib = 15 mAdc) 



— 

1.3 


(Ic = 500 mAdc, Ib = 50 mAdc) 



— 

2.6 
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P2N2907, A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 


Characteristic 


SMALL-SIGNAL CHARACTERISTICS 


25 °C unless otherwise noted.) 


Symbol 


Current-Gain - Bandwidth Product (1), (2) 

(Ic = 50 mAdc, VcE = 20 Vdc, f = 100 MHz) 

fT 

Output Capacitance 
(VcB = 1 0 Vdc, Ie = 0, f = 1 .0 MHz) 

Cobo 

Input Capacitance 

(Vbe = 2.0 Vdc, Ic = 0, f = 1 .0 MHz) 

Cibo 


SWITCHING CHARACTERISTICS 


Turn-On Time 


Delay Time 


Rise Rime 


Turn-Off Time 


Storage Time 


Fall Time 


(Vcc = 30 Vdc, Ic = 1 50 mAdc, 
IBI = 15 mAdc) (Figures 1 and 5) 


(Vcc = 6.0 Vdc, Ic = 1 50 mAdc, 
•b 1 = 162 = 1 5 mAdc) (Figure 2) 




FIGURE 1 - DELAY AND RISE FIGURE 2 - STORAGE AND FALL 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

80 

Vdc 

Collector-Base Voltage 

VCBO 

120 

Vdc 

Emitter-Base Voltage 

vebo 

7.0 

Vdc 

Collector Current - Continuous 

ic 

1.0 

Adc 

Total Device Dissipation Ta = 25°C 

pd 

1.0 

Watts 

Derate above 25°C 


8.0 

mW/°C 

Total Device Dissipation Tc = 25°C 

pd 

2.5 

Watts 

Derate above 25 °C 


20 

mW/°C 

Operating and Storage Junction 

Tj» Tstg 

-55 to +150 

°C 

Temperature Range 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

RCJC 

50 

°C/W 

Thermal Resistance, Junction to Ambient 

RejA 

125 

®c/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Uni7 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
dC = 30 mAdc, Ib = 0) 

V(BR)CEO 

80 


Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

120 

— 

Vdc 

dC = 100 /lAdc, Ie = 0) 





Emitter-Base Breakdown Voltage 

V(BR)EBO 

7.0 

— 

Vdc 

dE = 100 /lAdc, Ic = 0) 





Collector Cutoff Current 

ICBO 



A Adc 

(VcB = 90 Vdc, Ie = 0) 


— 

0.01 


(VcB = 90 Vdc, Ie = 0, Ta = + 150°C) 


— 

10 


Emitter Cutoff Current 

Iebo 

— 

0.01 

A Adc 

(Vbe = 5.0 Vdc, Ic = 0) 






ON CHARACTERISTICS 


DC Current Gain (1) 


hpE 



_ 

dC = 0.1 mAdc, VcE = 10 Vdc) 

P2N3019 


50 

— 


dC = 10 mAdc, VcE = 10 Vdc) 

P2N3019 


90 

— 


dC = 150 mAdc, Vce = 10 Vdc) 

P2N3019 


100 

300 


dC = 150 mAdc, Vce = 10 Vdc, Tc = -55°C) 

P2N3019 


40 

— 


dC = 500 mAdc, Vce = 10 Vdc) 

P2N3019 


50 

— 


dC = 1.0 Adc, Vce = 10 Vdc) 



15 

— 


Collector-Emitter Saturation Voltage 


VCE(sat) 



Vdc 

dC = 150 mAdc, Ib = 15 mAdc) 



— 

0.2 


(Ic = 500 mAdc, Ib = 50 mAdc) 



— 

0.5 


Base-Emitter Saturation Voltage 


VBE(sat) 

— 

1.1 

Vdc 

dC = 150 mAdc, Ib = 15 mAdc) 







SMALL-SIGNAL CHARACTERISTICS 


Current-Gain Bandwidth Product 

fr 

80 

— 

MHz 

dC = 50 mAdc, Vce = 10 Vdc, f = 20 MHz) P2N3019 
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ELECTRICAL CHARACTERISTICS (continued) (Ta - 
Characteristic 

Output Capacitance 

(VCB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Input Capacitance 

(Vbe = 0-5 Vdc, Ic = 0, f = 1-0 MHz) 

Small-Signal Current Gain 

dC = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) P2I 
Collector Base Time Constant 
(IE = 10 mAdc, VcB = 10 Vdc, f = 4.0 MHz) P2I 
Noise Figure 

dC = 100 fiMc, VcE = 10 Vdc, Rs = 1-0 kohms, f = 
(1) Pulse Test: Pulse Width ^ 300 fxs, Duty Cycle 1.0% 


25°C unless otherwise noted.) 



Symbol 

Min 

Max 


Cobo 

— 

12 


o 

6 

— 

60 

P2N3019 

hfe 

80 

400 

P2N3019 

rb'Cc 

— 

400 


Nf 

— 

4.0 
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flV, TEMPERATURE COEFFIOENT |mV/®C) 


P2N3019 
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P2N4033 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

80 

Vdc 

Collector-Base Voltage 

VCBO 

80 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

ic 

1.0 

Adc 

Total Device Dissipation @Ta = 25°C 

pd 

1.0 

W 

Derate above 25°C 


8.0 

mW/°C 

Total Device Dissipation @Tc = 25°C 

pd 

2.5 

W 

Derate above 2I5°C 


20 

mW/°C 

Operating and Storage Junction 

Tj, Tstg 

-55 to +150 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R«jc 

50 

°C/W 

Thermal Resistance, Junction to Ambient 

R^^JC 

125 

‘’C/W 

ELECTRICAL CHARACTERISTICS (Ta = 

25°C unless otherwise noted.) 


Characteristic 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 



ONE WATT 

AMPLIFIER TRANSISTOR 

PNP SILICON 


Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mA) 

V(BR)CEO 

80 

— 

V 

Collector-Base Breakdown Voltage 

V{BR)CBO 

80 


V 

dc = 10 aA) 





Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

V 

dE = 10 fiA) 





Collector Cutoff Current 

'CBO 




(VcB = 60 V) 


— 

5.0 

nA 

(VcB = 60 V, Ta = 150X) 


— 

50 

aA 

Emitter Cutoff Current 

•ebo 

— 

10 

nA 

(Veb = 5.0 V) 






ON CHARACTERISTICS 


DC Current Gain 

dc = 100 mA, VcE = 5,0 V, -55°C) P2N4033 

dc = 100 aA, Vce = 5.0 V) P2N4033 

dc = 100 mA, Vce = 5.0 V) P2N4033 

dc = 500 mA, Vce = 5.0 V) P2N4033 

dc = 1.0 A, Vce = 5.0 V) P2N4033 

hpE 

40 

75 

100 

70 

25 

300 


Collector-Emitter Saturation Voltage 

VCE(sat) 



V 

dc = 150 mA, Ib = 15 mA) 


— 

0.15 


dc = 500 mA, 10 = 50 mA) 


— 

0.5 


Base-Emitter Saturation Voltage 

VBE(sat) 



V 

(Ic =150 mA, Ib = 15 mA) 


— 

0.9 


dc = 500 mA, Ib = 50 mA) 


i 

1.1 
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P2N4033 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic ) Symbol | Min | Max [ Unit [ 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcE = 10 V, f = 1.0 MHz) 

Cobo 

— 


H 

Input Capacitance 
(Veb = 0.5 V, f = 1.0 MHz) 

Cibo 

— 


H 

Current Gain — Bandwidth Product 
(IC = 50 mA. Vcc = 1 0 V, f = 1 00 MHz) 

fT 

1 50 




SWITCHING CHARACTERISTICS 


Turn-On Time (see Figure 1) 

(IC = 500 mA, Ibi = 50 mA) 

fon 

— 

100 

ns 

Turn-Off Time (see Figure 1) 

(IC = 500 mA, Ibi = IB2 = 50 mA) 

toff 


400 

ns 


(1) Pulse Width = 300 fis. Duty Cycle 1.0%. 


Vbb-^SV VcC“50V 



FIGURE 1: SWITCHING TIMES TEST CIRCUIT 
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2-455 





MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


2-456 





CASE 20-03 
(TO-206AF) 
"2(]V^ TO-72 







Metal-Can 

Transistors 


Motorola’s metal-can transistor product offering includes: 
general purpose, switching, high voltage, choppers. Darling- 
tons, low noise amplifiers and RF amplifiers. 

A variety of package options are available. 

Many devices contained in this section are also available with 
high reliability MIL-S-19500 processing. JAN, JANTX, JANTXV, 
and JANS qualified devices are so noted on the following data 
sheets. 

This section contains both single and multiple metal-can 
transistors. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 





MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

100 

Vdc 

Collector-Base Voltage 

VCBO 

100 

Vdc 

Emitter-Base Voltage 

vebo 

8.0 

Vdc 

Collector Current — Continuous 

•c 

0.5 

Adc 

Total Device Dissipation @ Ta = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


5.7 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

pd 

4.0 

Watts 

Derate above 25°C 


22.8 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj. Tgtg 

- 65 to + 200 

X 


2N657 


CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 



GENERAL PURPOSE 
TRANSISTOR 

NPN SILICON 


Refer to 2N3498 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dC = 250 /xAdc, Ib = 0) 

V(BR)CEO 

100 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 100/xAdc, Ie = 0) 

V(BR)CBO 

100 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 250 AAdc, Ic = 0) 

V(BR)EBO 

8.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 30 Vdc, Ie = 0) 

•CBO 

— 

10 

IxAdc 

ON CHARACTERISTICS 

DC Current Gain 
dC = 200 mAdc, Vqe = 10 Vdc) 

hpE 

30 

90 

— 

Collector-Emitter Saturation Voltage(l) 

(Ic = 200 mAdc, Ib = 40 mAdc) 

VCE(sat) 

— 

4.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Input Impedance(l) 

hfe 

_ 

0.5 

k ohm 

(Ib = 8.0 mAdc, VcE = 10 Vdc) 






(1) Pulse Test: Pulse Length = 300 /is, Duty Cycle 2.0%. 
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2N697 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCER 

40 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Total Device Dissipation @ Ta = 25°C 

pd 

0.6 

Watt 

Derate above 25°C 


4.0 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

2.0 

Watts 

Derate above 25°C 


13.3 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tjf Tstg 

-65 to +200 

X 


CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 



GENERAL PURPOSE 
TRANSISTOR 

NPN SILICON 


Refer to 2N2218 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol T Mini I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage! 1) 

(IC =100 mAdc, Rbe = 10 ohms) 

V(BR)CER 

40 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 100 fxAdc, Ie = 0) 

V(BR)CBO 

60 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 100 fiAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 30 Vdc, Ie = 0) 

(VcB = 30 Vdc, Ie = 0, Ta = 150X) 

•CBO 

- 

1.0 

100 

/iAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 
dC = 150 mAdc, Vqe = 10 Vdc) 

hpE 

40 

120 

— 

Collector-Emitter Saturation Voltage(l) 
dC = 150 mAdc, Ib = 15 mAdc) 

VcE{sat) 

— 

1.5 

Vdc 

Base-Emitter Saturation Voltage(l) 

(Ic =150 mAdc, Ib = 15 mAdc) 

VBE(sat) 

— 

1.3 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 10 Vdc, Ie = 0) 

Cobo 

— 

35 

PF 

Small-Signal Current Gain 
dC = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

hfe 

1 

2.5 

1 

MHz 


(1) Pulse Test: Pulse Length < 12 ms. Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCER 

80 

Vdc 

Collector-Base Voltage 

VCBO 

120 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Total Device Dissipation @ Ta = 25°C 

pd 

0.6 

Watt 

Derate above 25°C 


4.0 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

2.0 

Watts 

Derate above 25°C 


13.3 

mW/X 

Operating and Storage Temperature 

Tj/ Tgtg 

-65 to -1-200 

X 

Temperature Range 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

75 

X/W 

Thermal Resistance, Junction to Ambient 

R0JA 

250 

x/w 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max [ Uni7 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
dc = 100 mAdc, Rbe = 10 ohms) 

V{BR)CER 

80 

— 

Vdc 

Collector Cutoff Current 

ICBO 



/iAdc 

(VcB = 60 Vdc, Ie = 0) 


— 

2.0 


(VcB = 60 Vdc, Ie = 0, Ta = 150X) 


— 

200 


Emitter Cutoff Current 

'ebo 

— 

100 

IxAdc 

(Veb = 2.0 Vdc, Ic = 0) 






ON CHARACTERISTICS 


DC Current Gain (1) 
dc = 150 mAdc, Vqe = 10 Vdc) 

hPE 

40 

120 

— 

Collector-Emitter Saturation Voltage (1) 
dc =150 mAdc, Ib = 15 mAdc) 

VcE(sat) 

— 

0.5 

Vdc 

Base-Emitter Saturation Voltage (1) 

(Ic = 150 mAdc, Ib = 15 mAdc) 

VBE(sat) 

— 

1.3 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

fr 

50 

— 

MHz 

Output Capacitance 

Cobo 

— 

20 

pF 

(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 





Input Impedance 

•^ib 



Ohms 

dc = 1.0 mAdc, VcB = 5.0 Vdc, f = 1.0 kHz) 


20 

30 


dc = 5.0 mAdc, Vcb = 10 Vdc, f = 1.0 kHz) 


— 

10 


Voltage Feedback Ratio 

hrb 



X 10-4 

dc = 1.0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 


— 

2.5 


dc = 5.0 mAdc, Vcb = 10 Vdc, f = 1.0 khZ) 


— 

3.0 


Small Signal Current Gain 

hfe 



— 

dc = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 


35 

100 


dc = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 


45 

— 


Output Admittance 

hob 



/xmhos 

dc = 1.0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 


0.05 

0.5 


dc = 5.0 mAdc, VcB = 10 Vdc, f = 1.0 kHz) 


— 

1.0 



(1) Pulse Test: Pulse Width 300 /its. Duty Cycle 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 2N706A,B 

VCEO 

15 

Vdc 

Collector-Emitter Voltage(l) 

VCER 

20 

Volts 

Collector-Base Voltage 

VCBO 

25 

Volts 

Emitter-Base Voltage 2N706 

vebo 

3.0 

Volts 

2N706A 


5.0 


2N706B 


5.0 


Collector Current 2N706AB 

'c 

50 

mA 

Total Device Dissipation @ = 25°C 

Pd 

0.3 

Watt 

Derate above 25°C 


2.0 

mW/X 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.0 

Watts 

Derate above 25°C 


6.67 

mW/X 

Total Device Dissipation @ Tq = 100X 

Pd 

0.5 

Watt 

Derate above 100°C 




Operating and Storage Junction 

Tj- Tgtg 

- 65 to + 200 

X 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

150 

X/W 

Thermal Resistance, Junction to Ambient 
2N706A,B 

R0JA 

500 

x/w 


2N706, A, B 


(2N706 JAN AVAILABLE) 
CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


3 Collector 


SWITCHING TRANSISTORS 

NPN SILICON 


Refer to 2N2368 for graphs. 




ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Max 1 Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

15 

— 

Vdc 

Collector-Emitter Breakdown Voltage(2) 


V(BR)CER 

20 

— 

Vdc 

(R = 10 ohms, Ic = 10 mAdc) 






Collector Cutoff Current 


ICBO 



^Adc 

(VcB ^ 15 Vdc, Ie = 0) 



— 

0.5 


(VcB = IS Vdc, Ie = 0, Ta = 150X) 



— 

30 


(VcB = 25 Vdc, Ie = 0) 

2N706A, 2N706B 


— 

10 


Collector Cutoff Current 


ICER 

— 

10 

/LtAdc 

(VcE = 20 Vdc, Rbe = 100k) 

2N706A, 2N706B 





Emitter Cutoff Current 


Iebo 



jiiAdc 

(Veb = 3.0 Vdc, Ic = 0) 

2N706 


— 

10 


(Veb = 5.0 Vdc, Ic = 0) 

2N706A, 2N706B 

1 

— 

10 



ON CHARACTERISTICS 


DC Current Gain(2) 
dC = 10 mAdc, VcE = 1-0 Vdc) 

2N706 

2N706A, 2N706B 

hpE 

20 

20 

60 

— 

Collector-Emitter Saturation Voltage(2) 


VcE(sat) 



Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 

2N706, 2N706A 


— 

0.6 



2N706B 


— 

0.4 


Base-Emitter Saturation Voltage(2) 


VBE(sat) 



Vdc 

(Ic = 10 mAdc, Ib = 1.0 mAdc) 

2N706 


— 

0.9 



2N706A, 2N706B 


0.7 

0.9 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(VcE = 15 Vdc, Ie = 10 mAdc, f = 100 MHz) 

h 

200 

— 

MHz 

Output Capacitance 

(VcB = 5.0 Vdc, Ie = 0) 2N706A, 2N706B 

(VcB = 10 Vdc, Ie = 0) 2N706 

Cobo 

- 

5.0 

6.0 

PF 

Magnitude of Forward Current Transfer Ratio, Common-Emitter 
(VcE = 15 Vdc, Ie = 10 mAdc, f = 100 Mhz) 2N706 

(VcE = 10 Vdc, Ie = 10 mAdc, f = 100 MHz) 2N706A,B 

Ihfel 

2.0 

2.0 

- 
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2N706, A, B 


ELECTRICAL CHARACTERISTICS (continued) (T/^ = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector Base Time Constant 
(VcE = 15 Vdc, Ie = 10 mAdc, f = 300 MHz) 

fb 


50 

ohms 

Storage Time 2N706B 

ts 

— 

25 

ns 

Turn-On Time 

(Ibi = 3.0 mA, Ib 2 = 10 mA) 

ton 

— 

40 

ns 

Turn-Off Time 

(Ibi = 3.0 mA, Ib 2 = 1-0 mA) 

toff 

— 

75 

ns 

Charge Storage Time Constant(2) 

2N706 

2N706A,B 

'Ts 

- 

60 

25 

ns 


(1) Refers to collector breakdown voltage in the high current region when R^e == 10 H 

(2) Pulse Test: Pulse Width 12 ^us, Duty Cycle 2.0%. 

(3) Switching Times Measured with Tektronix Type R Plug-In (50 0 , Internal Impedance). 


SWITCHING TIME TEST CIRCUIT 


STORAGE TIME TEST CIRCUIT 



MEASUREMENT CIRCUIT 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

Vdc 

Collector-Emitter Voltage 

VCER 

20 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

limited by Pq only 

Total Device Dissipation @ Ta = 25°C 

Pd 

360 

mW 

Derate above 25°C 


2.1 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.2 

Watts 

Tc = 100°C 


680 

mW 

Derate above 25°C 


6.9 

mW/°C 

Derate above 100°C 


6.9 

mW/°C 

Operating and Storage Junction 

7j/ Tstg 

-65 to -1-200 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^JC 

145 

X/W 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max f Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Iq = 30 mAdc, Rbe ^ 10 ohms) 

VcER(sus) 

20 

— 

Vdc 

Collector-Emitter Sustaining Voltage dc = 30 mAdc, Ig = 0) 

VCEO(sus) 

15 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 1-0 /xAdc, Ie = 0) 

V(BR)CBO 

40 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 10 fiAdc, Iq = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current (VcE = 20 Vdc, Vbe = 0.25 Vdc, Ta = -H 125°C) 

'CEX 

— 

10 

^Adc 

Collector Cutoff Current (VcB = 20 Vdc, Ie = 0) 

ICBO 

— 

0.025 

IxAdc 

(VcB = 20 Vdc, Ic = 0, Ta = 150X) 


— 

15 


Emitter Cutoff Current (Vbe = 4.0 Vdc, Ic = 0) 

'ebo 

— 

0.08 

fiAdc 


ON CHARACTERISTICS 


DC Current Gain 

dc = 0.5 mAdc, Vce = 1-0 Vdc) 

(Ic = 10 mAdc, Vce = 10 Vdc)(1) 

dc = 10 mAdc, Vce = 1-0 Vdc, Ta = -55X)(1) 

hpE 

15 

30 

15 

120 


Collector-Emitter Saturation Voltage 

VCE(sat) 



Vdc 

(Ic = 10 mAdc, Ib = 1.0 mAdc) 


— 

0.4 


(Ic = 7.0 mAdc, Ib = 0.7 mAdc, Ta = -55X to -I-125X) 


— 

0.4 


Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

dc = 10 mAdc, Ib = 1-0 mAdc) 


0.72 

0.80 


dc = 7.0 mAdc, Ib = 0.7 mAdc, Ta = -55X) 


— 

0.90 



SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 10 mAdc, Vce = 10 Vdc, f = 100 MHz) 

fT 

300 

— 

MHz 

Output Capacitance 

(VcB = 10 Vdc, Ie = 0, 100 kHz ^ f ^ 1.0 MHz) 

Cobo 

— 

6.0 

PF 

Extrinsic Base Resistance 
dc = 10 mAdc, Vce = 10 Vdc, f = 300 MHz) 

rb' 

— 

50 

ohms 


SWITCHING CHARACTERISTICS 


Storage Time 

dc = >B1 = >B2 = 10 mAdc) 

ts 

— 

25 

ns 

Turn-On Time 

Ion 

— 

40 

ns 

Turn-Off Time 

toff 

- 

70 

ns 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage(l) 

VCER 

40 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

500 

mA 

Total Device Dissipation @ T^ = 25°C 

Pd 

0.4 

Watt 

Derate above 25°C 


2.66 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.5 

Watts 

Derate above 25°C 


10 

mW/X 

Total Device Dissipation @Tc = 100°C 

Pd 

0.75 

Watt 

Operating and Storage Junction 

Tj. Tgtg 

-65 to +175 

°C 

Temperature Range 




2N718 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 



GENERAL PURPOSE 
TRANSISTOR 

NPN SILICON 


Refer to 2N2218 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 100 mAdc, pulsed; Rb ^ 10 Ohms) 

VcER(sus) 

40 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

60 

— 

Vdc 

dC = 100 /LiAdc, Ie = 0) 





Emitter-Base Breakdown Voltage 

V(BR)EBO 

5 

— 

Vdc 

(Ie = 1.0 mA, Ic = 0) 





Collector Cutoff Current 

ICBO 



ju-Adc 

(VcB = 30 Vdc, Ie = 0) 


— 

1.0 


(VcB = 30 Vdc, Ie = 0, Ta = 150°C) 


— 

100 



ON CHARACTERISTICS 


DC Current Gain 

(Ic = 150 mAdc, VcE = 10 Vdc) 

hpE 

40 

120 

— 

Collector-Emitter Saturation Voltage 
dC = 150 mAdc, Ib = 15 mAdc) 

VcE(sat) 

— 

1.5 

Vdc 

Base-Emitter Saturation Voltage 
dC = 150 mAdc, Ib = 15 mAdc) 

VBE(sat) 

— 

1.3 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 10 Vdc, f = 100 kHz, Ie = 0) 

Cobo 

— 

35 

pF 

Input Capacitance 
(Vbe = 0.5 V, f = 100 kHz, Ic = 0) 

o 

JO 

6 

— 

80 

PF 

Small-Signal Current Gain 
dC = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

hfe 

2.5 

— 

— 


(1) Pulse Test: PW ^ 300 {is, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N718A 

2N956 

2N1711 

Unit 

Collector-Emitter Voltage 

VCER 

50 

Vdc 

Collector-Base Voltage 

VCBO 

75 

Vdc 

Emitter-Base Voltage 

Vebo 

7.0 

Vdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

500 

800 

mW 

Derate above 25°C 


2.86 

4.57 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.8 

3.0 

Watts 

Derate above 25°C 


10.3 

17.15 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj/ Tgtg 

-65 to +200 

X 


2N718A 

2N956 

2N718A JAN, JTX, 
JTXV AVAILABLE 
CASE 22-03, STYLE 1 3 
TO-18 (TO-206AA) 

3 Collector 


2N1711 "" 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) ^ 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 


Refer to 2N3019 for graphs. 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min | Typ [ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 

VcER(sus) 

50 

— 

— 

Vdc 

dc = 100 mAdc, pulsed; Rbe 10 ohms) 





Collector-Base Breakdown Voltage 

V{BR)CBO 

75 

— 

— 

Vdc 

dc = 100 fxAdc, Ie = 0) 






Emitter-Base Breakdown Voltage 

V(BR)EBO 

7.0 

— 

— 

Vdc 

(Ie = 100 /xAdc, Ic = 0) 





Collector Cutoff Current 

ICBO 




IxAdc 

(VcB = 60 Vdc, Ie = 0) I 


— 

0.001 

0.01 


(VcB = 60 Vdc, Ie = 0, Ta = 150X) 


— 

— 

10 


Emitter Cutoff Current 

•ebo 




fxAdc 

(Vbe = 5.0 Vdc, Ic = 0) 2N718A, 


— 

— 

0.010 


2N956, 2N1711 


— 

— 

0.005 



ON CHARACTERISTICS 


DC Current Gain 


hpE 






dc = 0.01 mAdc, VcE = 10 Vdc) 

2N956, 2N1711 


20 

— 

— 


dc = 0.1 mAdc, VcE = 10 Vdc) 

2N718A, 


20 

_ 

— 



2N956, 2N1711 


35 

— 

— 


(Ic = 10 mAdc, VcE = 10 Vdc) 

2N718A, 


35 

_ 

_ 



2N956, 2N1711 


75 

— 

— 


dc = 10 mAdc, VcE = 10 Vdc, Ta = -55X) 

2N718A, 


20 

_ 





2N956, 2N1711 


35 

— 

— 


dc = 150 mAdc, VcE = 10 Vdc) 

2N718A, 


40 

_ 

120 



2N956, 2N1711 


100 

— 

300 


dc = 500 mAdc, VcE = 10 Vdc) 

2N718A, 


20 

_ 





2N956, 2N1711 


40 

— 

— 


Collector-Emitter Saturation Voltage(l) 


VCE(sat) 

— 

0.24 

1.5 

Vdc 

dc = 150 mAdc, Ib = 15 mAdc) 







Base-Emitter Saturation Voltage(l) 


VBE(sat) 

— 1 

1.0 

1.3 

Vdc 

(Ic = 150 mAdc, Ib = 15 mAdc) 








(1) Pulse Test: Pulse Width < 300 fis, Duty Cycle ^ 2.0%. 
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2N718A, 2N956, 2N1711 


ELECTRICAL CHARACTERISTICS (continued) = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, Vqe = 10 Vdc, f = 20 MHz) 

2N718A, 

2N956, 2N1711 

fT 

60 

70 

300 

300 

- 

MHz 

Output Capacitance 


^obo 

— 

4.0 

25 

pF 

(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 







Input Capacitance 


Cibo 

— 

20 

80 

PF 

(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 







Input Impedance 


hib 




ohms 

dC = 1.0 mAdc, VcB = 5.0 Vdc, f = 1.0 kHz) 



24 

— 

34 


dC = 5.0 mAdc, Vqb = 10 Vdc, f = 1.0 kHz) 



4.0 

— 

8.0 


Voltage Feedback Ratio 


hrb 




X 10-4 

dC = 1.0 mAdc, VcB = 5.0 Vdc, f = 1.0 kHz) 

2N718A, 


— 

— 

3.0 



2N956, 2N1711 


— 

— 

5.0 


dC = 5.0 mAdc, Vqb = 10 Vdc, f = 1.0 kHz) 

2N718A, 


— 

— 

3.0 



2N956, 2N1711 


— 

— 

5.0 


Small-Signal Current Gain 


hfe 




— 

dC = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

2N718A, 


30 

— 

100 



2N956, 2N1711 


50 

— 

200 


dC = 5.0 mAdc, Vqe = 10 Vdc, f = 1.0 kHz) 

2N718A, 


35 



150 



2N956, 2N1711 


70 

— 

300 


Output Admittance 


hob 




/imhos 

dC = 1.0 mAdc, VcB = 5.0 Vdc, f = 1.0 kHz) 



0.05 

— 

0.5 


dC = 5.0 mAdc, Vqb = 10 Vdc, f = 1.0 kHz) 



0.05 

— 

0.5 


Noise Figure 


NF 




dB 

dC = 300 AiAdc, VcE = 10 Vdc, f = 1.0 kHz) 

2N718A, 


— 

__ 

12 



2N956, 2N1711 


— 

— 

8.0 
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2N720A 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

80 

Vdc 

Collector-Emitter Voltage 

VCER 

100 

Vdc 

Collector-Base Voltage 

VCBO 

120 

Vdc 

Emitter-Base Voltage 

Vebo 

7.0 

Vdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

0.5 

Watt 

Derate above 25°C 


2.86 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

pd 

1.8 

Watts 

Derate above 25°C 


10.3 

mW/°C 

Operating and Storage Junction 

Tj' Tstg 

-65 to -1-200 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

97 

°C/W 


CASE 22-03, STYLE 1 
TO-18 {TO-206AA) 



GENERAL PURPOSE 
TRANSISTOR 

NPN SILICON 


Refer to 2N3019 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Max \ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) dc = 100 mAdc, Rbe =^10 ohms) 

VCER(sus) 

100 

— 

Vdc 

Collector-Emitter Sustaining Voltage(l) (Ic = 30 mAdc, Ib = 0) 

VcEOIsus) 

80 

— 

Vdc 

Collector-Base Breakdown Voltage dc = 100 /xAdc, Ie = 0) 

V(BR)CBO 

120 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 100 ixAdc, Iq = 0) 

V(BR)EBO 

7.0 

— 

Vdc 

Collector Cutoff Current (Vqb = 90 Vdc, Ie = 0) 

ICBO 

— 

.010 

fxAdc 

(VcB = 90 Vdc, Ie = 0, Ta = 150°C) 


— 

15 


Emitter Cutoff Current (Vbe = 5.0 Vdc, Iq = 0) 

Iebo 

H i 

.010 

fxAdc 


ON CHARACTERISTICS 


DC Current Gain dc = 0.1 mAdc, Vce = 10 Vdc) 

dc = 10 mAdc, Vce = 10Vdc)(1) 

dc = 10 mAdc, Vce = 10 Vdc, Ta = -55°C) 

dc = 150 mAdc, Vce = 10Vdc)(1) 

hpE 

20 

35 

20 

40 

120 


Collector-Emitter Saturation Voltage(l) (Ic = 50 mAdc, Ib = 5.0 mAdc) 

VCE(sat) 

— 

1.2 

Vdc 

dc = 150 mAdc, Ib = 15 mAdc) 


— 

5.0 


Base-Emitter Saturation Voltage(l) dc = 50 mAdc, Ib = 5.0 mAdc) 

VBE(sat) 

— 

0.9 

Vdc 

dc = 150 mAdc, Ib = 15 mAdc) 


— 

1.3 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product dc = 50 mAdc, Vce = 10 Vdc, f = 20 MHz) 

fT 

50 

— 

MHz 

Output Capacitance (Vcb = 10 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

— 

15 

PF 

Input Capacitance (Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 

o 

6 

— 

85 

PF 

Input Impedance dc = 1.0 mAdc, Vcb - 5.0 Vdc, f = 1.0 kHz) 

hib 

20 

30 

Ohms 

dc = 5.0 mAdc, VcB = 10 Vdc, f = 1.0 kHz) 


4.0 

8.0 


Voltage Feedback Ratio (Ic = 1.0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 

*^rb 

— 

1.25 

X 10-4 

dc = 5.0 mAdc, VcB = 10 Vdc, f = 1.0 kHz) 


— 

1.50 


Small-Signal Current Gain (Ic = 1.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 

hfe 

30 

100 

_ 

dc = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 


45 

— 


Output Admittance dc = 1.0 mAdc, VcB = 5.0 Vdc, f = 1.0 kHz) 

hob 

— 

0.5 

/xmhos 

dc = 5.0 mAdc, VcB = 10 Vdc, f = 1.0 kHz) 


— 

0.5 



(1) Pulse Test; Pulse Width 300 /u.s, Duty Cycle < 2.0%. 
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2N835 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

20 

Vdc 

Collector-Emitter Voltage 

VCES 

30 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous Peak 

ic 

200 

mAdc 

Total Device Dissipation @ Ta = 25°C 

pd 

0.3 

Watt 

Derate above 25°C 


2.0 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

1.0 

Watts 

Derate above 25°C 


6.67 

mW/°C 

Total Device Dissipation @ Tq = lOOX 

Pd 

0.5 

Watt 

Derate above 100°C 


6.67 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj, Tgtg 

-65 to +175 

X 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 



SWITCHING TRANSISTOR 

NPN SILICON 


Refer to 2N2368 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage 
dC = 100 AAdc, Ie = 0) 

V(BR)CBO 

40 

- 

Vdc 

Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 100 /LiAdc, Ic = 0) 





Collector Cutoff Current 

ICBO 



IxAdc 

(VcB = 20 Vdc, Ie = 0) 


— 

0.5 


(VcB = 20 Vdc, Ie = 0, Ta = 150X) 


— 

30 


Collector Cutoff Current 

Ices 


10 

fxAdic 

(VcE = 30 Vdc, Vbe = 0) 

1 





ON CHARACTERISTICS 


DC Current Gain(1) 
dC = 10 mAdc, VcE = 1.0 Vdc) 

hpE 

25 

— 

- 

Collector-Emitter Saturation Voltage 

VCEIsat) 



Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 


— 

0.25 


dC = 50 mAdc, Ib = 5.0 mAdc) 


— 

0.4 


Base-Emitter Saturation Voltaged) 

VBE(sat) 

— 

0.9 

Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 


1 




SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VcE = 15 Vdc, f = 100 MHz) 

fT 

350 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

— 

4.0 

PF 

Magnitude of Forward Current Transfer Ratio, Common-Emitter 
dC = 10 mAdc, VcE = 15 Vdc, f = 100 MHz) 

|hfel 

3.5 

— 

— 


SWITCHING CHARACTERISTICS 


Charge-Storage Time Constant (Figure 2) 
dC = 10 mAdc, Ibi = IB2 = 10 mAdc) 

Is 

— 

25 

ns 

Turn-On Time (Figure 1) 

(Ic = 10 mAdc, Ibi = 3.0 mAdc, Ib 2 = 10 mAdc) 

Ion 

— 

35 

ns 

Turn-Off Time (Figure 1) 

dC = 10 mAdc, Ibi = 3.0 mAdc, Ib 2 = 10 mAdc) 

toff 

— 

75 

1 

ns 


(1) Pulse Test: Pulse Width 12 ms. Duty Cycle 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N869A 

2N4453 

Unit 

Collector-Emitter Voltage 

VCEO 

18 

18 

Vdc 

Collector-Emitter Voltage 

VCES 

25 

Vdc 

Collector-Base Voltage 

VCBO 

25 

25 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

'c 

200 

mAdc 

Total Device Dissipation @ Ta = 25°C 

pd 

360 

400 

mW 

Derate above 25°C 


2.06 

2.29 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

1.2 

2.0 

Watts 

TC = 100°C 


0.686 

1.03 

Watts 

Derate above 25°C 


6.86 

11.3 

mW/°C 

Operating and Storage Junction 

Tstg 

-65 to +200 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

2N869A 

2N4453 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

146 

97.5 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

486 

585 

x/w 


2N869A 


JAN, JTX, JTXV AVAILABLE 
CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 




1 Emitter 

2N4453 

JAN, JANTX AVAILABLE 
CASE 26-03, STYLE 1 3 
TO-46 {TO-206AB) 2 ‘'1 

SWITCHING TRANSISTORS 

PNP SILICON 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 10 mAdc, Ib = 0) 

2N4453 

V(BR)CEO 

18 


Vdc 

Collector-Emitter Breakdown Voltage 

dC = lOyuAdc, Vbe = 0) 

2N869A, 2N4453 

V(BR)CES 

25 

— 

Vdc 

Collector-Emitter Sustaining Voltage(l) 
dC = 10 mAdc, Ib = 0) 

VcEO(sus) 

18 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 10 AtAdc, Ie = 0) 

2N869A, 2N4453 

V{BR)CBO 

25 

— 

Vdc 

Emitter-Base Breakdown Voltage 

(Ie = 10 /aAdc, Ic = 0) { 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 15 Vdc, Ie = 0, Ta = 150X) 

2N869A 

ICBO 

1 

— 

25 

fxAdc 

Collector Cutoff Current 

(VcE = 15Vdc, Vbe = 0) 

'CES 

— 

10 

nAdc 

Emitter Cutoff Current 
(Veb = 4.5 Vdc, Ic = 0) 

2N4453 

Iebo 

— 

10 

nAdc 

Base Current 

(VcE = 15 Vdc, Vbe = 0) 

2N869A 

Ib 

— 

10 

nAdc 


ON CHARACTERISTICS! 1) 


DC Current Gain 


hpE 



_ 

dC = 10 mAdc, VcE = 0.3 Vdc) 

2N869A 


30 

— 


dC = 10 mAdc, VcE = 5.0 Vdc) 

2N869A 


40 

120 


dC = 30 mAdc, Vqe = 0.5 Vdc) 

2N869A, 2N4453 


40 

120 


dC = 30 mAdc, Vqe = 0.5 Vdc, Ta = - 55X) 

2N869A, 2N4453 


17 




dC = 100 mAdc, VcE = 1-0 Vdc) 

2N869A, 2N4453 


25 

— 


Collector-Emitter Saturation Voltage 


VcE(sat) 



Vdc 

(Ic = 10 mAdc, Ib = 1-0 mAdc) 

2N869A 

— 

0.15 


(Ic = 30 mAdc, Ib = 1.5 mAdc) 

2N4453 


— 

0.25 


dC = 30 mAdc, Ib = 3.0 mAdc) 

2N869A 


— 

0.2 


dC = 100 mAdc, Ib = 10 mAdc) 

2N869A, 2N4453 


— 

0.5 


Base-Emitter Saturation Voltage 


VBE(sat) 



Vdc 

(Ic = 10 mAdc, Ib = 1.0 mAdc) 

2N869A 


0.78 

0.98 


dC = 30 mAdc, Ib = 1.5 mAdc) 

2N4453 


0.8 

1.1 


dC = 30 mAdc, Ib = 3.0 mAdc) 

2N869A 


0.85 

1.2 


dC = 100 mAdc, Ib = 10 mAdc) 

2N869A, 2N4453 


— 

1.7 
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2N869A, 2N4453 


ELECTRICAL CHARACTERISTICS (continued) (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min ~\ Max f Unit 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1){2) 
dC = 10 mAdc, VcE = 15 Vdc, f = 100 MHz) 

fr 

400 

- 


Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 140 kHz) 

2N869A 

Cobo 

— 

6.0 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 150 kHz) 

2N869A 

o 

.Q 

6 

— 

6.0 

PF 

Collector-Base Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 

2N4453 

Ccb 

— 

6.0 

pF 

Emitter-Base Capacitance 
(Vbe = 0.5 Vdc, Ic = 0, f = l.o MHz) 

2N4453 

Ceb 

— 

6.0 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

Vcc = 2.0 Vdc, 2N869A 

IC = 30mAdc, vrr = 30Vdc 2N4453 

Ibi= 1.5 mAdc J w vac 2N4453 

Ion 

— 

50 

ns 

Delay Time 

td 

_ 

35 

ns 

Rise Time 

tr 

— 

20 

ns 

Turn-Off Time 

Ic = 30 mAdc, Vcc = 2.0 Vdc 2N869A 

lB1=lB2= vrr = 30 Vdc 2N4453 

1.5 mAdc J.uvoc 2N4453 

toff 

— 

80 

ns 

Storage Time 

ts 

— 

65 

ns 

Fall Time 

tf 

- 

20 

ns 


(1) Pulse Test: Pulse Width ^ 300 /xs, Duty Cycle == 1.0%. 

(2) fj is defined as the frequency at which |hfe| extrapolates to unity. 


TYPICAL SWITCHING CHARACTERISTICS 


FIGURE 1 — CAPACITANCE 



FIGURE 2 — DC CURRENT GAIN FIGURE 3 — "ON" VOLTAGES 




MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 







2N869A, 2N4453 


FIGURE 4 — CURRENT-GAIN — BANDWIDTH PRODUCT 


FIGURE 5 — TURN-ON TIME 



IC, COLLECTOR CURRENT (mA) 


IC, COLLECTOR CURRENT (mA) 



IC, COLLECTOR CURRENT (mA) 


FIGURE 8 — SWITCHING TEST CIRCUIT VALUES 




^in 

Vbb 

vcc 

Rl 

'c 

iBl'-" 

162''" 



Volts 

Volts 

Volts 

Ohms 

mA 

mA 

mA 

^on< td 

2N869A 

-7.0 

3.0 

2.0 

62 

30 

1.5 

- 


2N4453 

-7,0 

3.0 

3.0 

91 

30 

1.5 

- 

^Off' ^S' 

2N869A 

+ 6.0 

-4.0 

2.0 

62 

30 

1.5 

1.5 


2N4453 

+ 6.0 

-4.0 

3.0 

91 

30 

1.5 

1.5 


(3) Ic/'b ■ Switching is shown to reflect current industry practices. 
Compare the values shown in Figures 1 and 2 @> Iq = 30 mA to the 
typical values in the Electrical Characteristics table @ Iq/I B 20. 

(4) Igi = Ib 2 “ 3.0 mA @ Ic/^B “ 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

Vdc 

Collector-Emitter Voltage 

VCER 

80 

Vdc 

(Rbe = 10 Ohrns) 




Collector-Base Vdltage 

VCBO 

100 

Vdc 

Emitter-Base Voltage 

Vebo 

7.0 

Vdc 

Collector Current — Continuous 

ic 

1.0 

Amp 

Total Device Dissipation @ Ta = 25°C 

Pd 

0.5 

Watt 

Derate above 25°C 


2.86 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

pd 

1.8 

Watt 

Tc = 100°C 


1.0 


Derate above 25°C 


10.3 

mW/°C 

Operating and Storage Junction 

fj' Tstg 

-65 to -1-200 

°C 

Temperature Range 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

97.4 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

350 

x/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Iq = 100 mAdc, Rbe 10 ohms)(1) 

VCER{sus) 

80 

— 

Vdc 

Collector-Emitter Sustaining Voltage (\q = 30 mAdc, Ib = 0)(1) 

VCEO{sus) 

60 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 100 ixAdc, Ig = 0) 

V(BR)CBO 

100 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 100 |xAdc, Iq = 0) 

V(BR)EBO 

7.0 

— 

Vdc 

Collector Cutoff Current (VcB = 75 Vdc, Ig = 0) 

ICBO 

— 

0.025 

IxAdc 

(VcB = 75 Vdc, Ie = 0, Ta = 150°C) 


— 

15 


Emitter Cutoff Current (Vbe = 5.0 Vdc, Ic = 0) 

•ebo 

— 

0.025 

fxAdc 


ON CHARACTERISTICS 


DC Current Gain dc = 0.1 mAdc, VcE = 10 Vdc) 

hPE 

35 

_ 

_ 

dC = 10 mAdc, VcE = 10 Vdc) 


75 

— 


dc = 10 mAdc, VcE = 10 Vdc, Ta = -55°C) 


30 

— 


Collector-Emitter Saturation Voltage (Ic = 10 mAdc, Ib = 1.0 mAdc) 

VCE(sat) 

— 

0.4 

Vdc 

(Ic = 50 mAdc, Ib = 5.0 mAdc) 

— 

1.2 


Base-Emitter Saturation Voltage dc = 10 mAdc, Ib = 1.0 mAdc) 

VBE(sat) 

0.6 

0.8 

Vdc 

(Ic = 50 mAdc, Ib = 5.0 mAdc) 

— 

0.9 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product dc = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

h 

60 

— 

MHz 

Output Capacitance (Vcb = 10 Vdc, Ie = 0, f = 100 kHz) 

^obo 

— 

15 

PF 

Input Capacitance (Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 

o 

n 

6 

— 

85 

PF 

Input Impedance (Ic = 5.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 

hie 

— 

1800 

Ohms 

Input Impedance dc = 1.0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 

hib 

20 

30 

Ohms 

dc = 5.0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 


4.0 

8.0 


Voltage Feedback Ratio dc = 1.0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 

hrb 

— 

3.0 

X 10-4 

Small-Signal Current Gain dc = 1.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 

hfe 

76 

200 

— 

Output Admittance dc = 5.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 

l^oe 

— 

100 

ixmhos 

Output Admittance (Ic = 1.0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 

hob 

— 

0.5 

fxmho 

dc = 5.0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 


— 

1.0 


Noise Figure dc = 0.3 mAdc, Vcb = 10 Vdc, Rq = 510 ohms. 

NF 

— 

12 

dB 

f = 1.0 kHz, B W = 200 Hz) 






(1) Pulse Test: Pulse Width 300 |xs, Duty Cycle = 2.0%. 
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2N914 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

Vdc 

Collector-Emitter Voltage 
{R0E 10 ohms) 

VCER 

20 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuousd ) 

Ic 

150 

mAdc 

Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Pd 

360 

2.06 

mW 

mW/X 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

pd 

CM 00 
CD 

Watts 

mW/X 

Total Device Dissipation @ Tq = 100°C 
Derate above 100°C 

Pd 

0.68 

Watt 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-65 to +200 

X 


JAN, JTX AVAILABLE 
CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 



SWITCHING TRANSISTOR 

NPN SILICON 


Refer to 2N2368 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) (\q = 30 mAdc, Rbe ^ 10 ohms) 

VCER(sus) 

20 

— 

Vdc 

Collector-Emitter Sustaining Voltage(2) (\q = 30 mAdc, Ig = 0) 

VCEO(sus) 

15 

— 

Vdc 

Collector-Base Breakdown Voltage (Ic = 1-0 /aAdc, Ig = 0) 

V(BR)CBO 

40 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 10 /nAdc, Iq = 0) 

V(BR)EBO 

5.0 

_ 

Vdc 

Collector Cutoff Current (Vqe = 20 Vdc, Vbe = 0.25 Vdc, Ta = 125X) 

ICEX 

— 

10 

/uAdc 

Collector Cutoff Current (VcB = 20 Vdc, Ie = 0) 

ICBO 

— 

0.025 

/nAdc 

(VcB = 20 Vdc, Ig = 0, Ta = 150X) 


— 

15 


Emitter Cutoff Current (Vbe = 4.0 Vdc, Iq = 0) 

Iebo 

— 

0.1 

/iAdc 

ON CHARACTERISTICS 

DC Current Gain(2) 

hpE 



_ 

dC = 10 mAdc, Vce = 10 Vdc) 


30 

120 


dC = 10 mAdc, Vce = 1-0 Vdc, Ta = -55X) 


12 

— 


dC = 500 mAdc, VcE = 5.0 Vdc) I 


10 

— 


Collector-Emitter Saturation Voltage(2) 

VcE(sat) 



Vdc 

dC = 200 mAdc, Ib = 20 mAdc) 




0.70 


dC = 10 mAdc, Ib = 1.0 thru 20 mAdc, Ta = -55 to +125X) 


— 

0.25 


Base-Emitter Saturation Voltage 

VBE(sat) 

0.70 

0.80 

Vdc 

(Ic = 10 mAdc, Ib = 1.0 mAdc) 






SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 20 mAdc, Vce = 10 Vdc, f = 100 MHz) 

fr 

300 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Cobo 

— 

6.0 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

Cibo 

— 

9.0 

pF 


SWITCHING CHARACTERISTICS 


Storage Time(3) 
dC = Ibi = IB2 = 20 mAdc) 

Is 

— 

20 

ns 

Turn-On Time(3) 

(Ic = 200 mAdc, Ibi = 40 mAdc, Ib 2 = 20 mAdc) 

Ion 

— 

40 

ns 

Turn-Off Time(3) 

dC = 200 mAdc, Ibi = 40 mAdc, Ib 2 = 20 mAdc) 

toff 

— 

40 

ns 


(1) Limited by Power Dissipation. 

(2) Pulse Test: Pulse Width = 300 /as, Duty Cycle 1.0%. 

(3) Measured on Sampling Scope: Pulse Width ^ 200 ns. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

50 

Vdc 

Collector-Base Voltage 

VCBO 

70 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Total Device Dissipation @ T^ = 25°C 

Pd 

0.36 

Watts 

Derate above 25°C 


2.05 

mW/X 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.2 

Watts 

Derate above 25°C 


6.81 

mWrC 

Total Power Dissipation @ + 100°C Case 

Pd 

0.68 

W 

Operating and Storage Temperature 
Temperature Range 

Tj. Tgtg 

-65 to +200 

°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


2N915 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 



GENERAL PURPOSE 
TRANSISTOR 

NPN SILICON 


Refer to 2N3946 for graphs. 


Characteristic 


Symbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(l) 
dC = 10 mA Ib = 0) 

VcEO(sus) 

50 


Vdc 

Collector-Base Breakdown Voltage 
dc = IOO/hAIe = 0) 

V(BR)CBO 

70 

— 

Vdc 

Emitter-Base Breakdown Voltage 
dE = 10 fiA, Ic = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 60 V, Ie = 0) 

ICBO 

— 

0.010 

liA 

Collector Cutoff Current 
(VcB = 60 V, Ie = 0) 

(VcB = 60 V, Ie = 0, Ta = +150X) 

>CBO 

- 

0.010 

30 

aA 


ON CHARACTERISTICS 


DC Current Gain 
dc = 10 mAVcE = 5.0 V) 

hPE 

50 

200 

- 

Collector-Emitter Saturation Voltage 
dc = 10 mA Ib = 1.0 mA 

VCE(sat) 

— 

1.0 

Vdc 

Base-Emitter Saturation Voltage 
dc = 10 mA Ib = 1.0 mA) 

VBE(sat) 

— 

0.9 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
dE = OVcB = 10V,f = 100 kHz) 

Cobo 

— 

3.5 

PF 

Emitter Transition Capacitance 

Cte 

— 

10 

pF 

dc = 0 Veb = 0.5 V, f = 100 kHz) 





Input Impedance 

hie 



ohms 

dc = 1.0 mA VcE = 5.0 V) 


— 

6000 


dc = 5.0 mA VcE = 5.0 V) 


— 

2000 


High Frequency Current Gain f = 100 MHz 

hfe 

2.5 

— 

— 

dc = 10 mA VcE = 15 V) 





Small-Signal Current Gain f = 1 kHz 

hfe 



_ 

dc = 1.0 mA VcE = 5.0 V) 


40 

200 


dc = 5.0 mA VcE = 5.0 V) 


50 

250 


Output Admittance 

hoe 




dc = 1-0 mA VcE = 5.0 V) 


— 

75 

(xmhos 

dc = 5.0 mA VcE = 5.0 V) 


— 

125 

fimho 

Collector Base Time Constant 

rb'Cc 


300 

ps 

dc = 10 mA, VcB = 10 V, f = 40 mHz) 






(1) Pulse Test; PW ^ 300 ixs, Duty Cycle ^ 1.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

25 

Vdc 

Collector-Base Voltage 

VCBO 

45 

Vdc 

Emitter-Base Voltage 

vebo 

5 

Vdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

0.36 

Watts 

Derate above 25°C 


2.06 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

pd 

1.2 

Watts 

Derate above 25°C 


6.9 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tgtg 

-65 to +200 

X 


2N916 

JAN AVAILABLE 
CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 



GENERAL PURPOSE 
TRANSISTOR 

NPN SILICON 

Refer to 2N3946 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(l) dc = 30 mA, Ig = 0) 

VCEO(sus) 

25 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 10 /aA, Ig = 0) 

V(BR)CB0 

45 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ig = 10 /xA, Iq = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current (Vcg = 30 V, Ig = 0) 

ICBO 

— 

10 

nAdc 

Collector Cutoff Current @ 150°C (Vcb = 30 V, Ig = 0) 

•CBO 

— 

10 

/uAdc 

ON CHARACTERISTICS 

DC Current Gain(1) 

hpE 



— 

dc = 10 mA, VcE = 10 V) 


50 

200 


dc = 10 mA, VcE = 10 V, -55°C) 


15 

— 


Collector-Emitter Saturation Voltage 

VCE(sat) 

— 

0.5 

Vdc 

dc = 10 mA, Ig = 1.0 mA) 




Base-Emitter Saturation Voltage 

VBE(sat) 

— 

0.9 

Vdc 

dc = 10 mA, Ig = 1.0 mA) 





SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb = 5.0 V, Ie = o) 

Cobo 

— 

6.0 

PF 

Input Capacitance 

o 

.Q 

6 

— 

10 

PF 

(Veb = 0.5 V, Ic = 0) 





Input Impedance, f = 1.0 kHz 

hie 




dc = 1.0 mA, VcE = 5.0 V) 


— 

6000 

ohms 

dc = 5.0 mA, VcE = 5.0 V) 


— 

2000 

ohms 

Small-Signal Current Gain, f = 1.0 kHz 

hfe 



— 

dc = 1-0 mA, VcE = 5.0 V) 


40 

200 


dc = 5.0 mA, VcE = 5.0 V) 


50 

250 


Magnitude of Forward Circuit Transfer Ratio, Common-Emitter 

Ihfel 

3.0 

— 

_ 

dc = 10 mA, VcE = 15 V) 





Output Admittance, f = 1.0 kHz 

hoe 




dc = 1.0 mA, VcE = 5.0 V) 


— 

75 

/Ltmho 

dc = 5.0 mA, VcE = 5.0 V) 


— 

125 

/Limho 

Collector Base Time Constant 

rb Cq 

— 

300 

ps 

dc = 10 mA, Vcb = 10 V, f = 40 MHz) 






(1) Pulse Test: Pulse Width 300 /zs, Duty Cycle 1.0%. 
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MAXIMUM RATINGS 


2N918 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

Vdc 

Collector-Base Voltage 

VCBO 

30 

Vdc 

Emitter-Base Voltage 

vebo 

3.0 

Vdc 

Collector Current — Continuous 

Ic 

50 

mAdc 

Total Device Dissipation @ = 25°C 

Pd 

200 

mW 

Derate above 25°C 


1.14 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

300 

mW 

Derate above 25°C 


1.71 

rnwrc 

Operating and Storage Junction 

Tj/ Tgtg 

-65 to + 200 

°c 

Temperature Range 




JAN, JTX, JTXV AVAILABLE 
CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 



AMPLIFIER TRANSISTOR 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted.) 

Chai’flcteristic | Symbol [ Min | Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
dC = 3.0 mAdc, Ib = 0) 

VcEO(sus) 

15 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

30 

— 

Vdc 

dC = 1.0 fiAdc, Ie = 0) 





Emitter-Base Breakdown Voltage 

V{BR)EBO 

3.0 

— 

Vdc 

(Ie = 10 fxAdc, Ic = 0) 





Collector Cutoff Current 

ICBO 


.010 

/LiAdc 

(VcB = 15 Vdc, Ie = 0) 


— 

1.0 

(xAdc 

(VcB = 15 Vdc, Ie = 0, Ta = 150°C) 


— 




ON CHARACTERISTICS 


DC Current Gain 

dC = 3.0 mAdc, VcE = 1-0 Vdc) 

hpE 

20 

— 

- 

Collector-Emitter Saturation Voltage 
dC = 10 mAdc, 1 b = 1.0 mAdc) 

VCE(sat) 

— 

0.4 

Vdc 

Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 

VBE(sat) 

— 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(l) 
dC = 4.0 mAdc, Vqe = 10 Vdc, f = 100 MHz) 

fr 

600 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 140 kHz) 

(VcB = 0, Ie = 0, f = 140 kHz) 

^obo 

- 

1.7 

3.0 

PF 

Input Capacitance 

(Veb = 0.5 Vdc, Ic = 0, f = 140 kHz) 

Cibo 

— 

2.0 

PF 

Noise Figure 

dC = 1.0 mAdc, VcE = 6.0 Vdc, Rq = 400 Ohms, f = 60 MHz) 

NF 

— 

6.0 

dB 


FUNCTIONAL TEST 


Amplifier Power Gain 

(VcB = 12 Vdc, Ic = 6.0 mAdc, f = 200 MHz) 

Gpe 

15 

— 

dB 

Power Output 

(VcB = 15 Vdc, Ic = 8.0 mAdc, f = 500 MHz) 

Po 

30 

— 

mW 

Collector Efficiency 

(VcB = 15 Vdc, Ic = 8.0 mAdc, f = 500 MHz) 

V 

25 

— 

% 


(1) fj is defined as the frequency at which |hfe| extrapolates to unity. 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N930 

2N930A 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

60 

Vdc 

Collector-Base Voltage 

VCBO 

45 

60 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

6.0 

Vdc 

Collector Current 

ic 

30 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

0.5 

W 

Derate above 25°C 


3.33 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.8 

Watt 

Derate above 25°C 


12 

mW/°C 

Operating and Storage Temperature 

Tj/ Tstg 

-65 to 

+ 175 

°C 

Temperature Range 






2N930, A 

JAN, JTX AVAILABLE 
CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 



2 % 


AMPLIFIER TRANSISTORS 

NPN SILICON 

Refer to 2N2481 for graphs. 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | UniT 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(Ic = 10 mAdc, Ib = 0) 

V(BR)CEO 

45 

— 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 

80 

— 

Vdc 

dC = 10 ^Adc, Ie = 0) 






Emitter-Base Breakdown Voltage 


V(BR)EBO 



Vdc 

(Ie = 10 nA6c, Ic = 0) 

2N930 


5.0 

— 



2N930A 


6.0 

— 


Collector Cutoff Current 


'CEO 

_ 

2.0 

nAdc 

(VcE = 5.0 Vdc, Ib = 0) 






Collector Cutoff Current 


'CBO 



nAdc 

(VcB = 45 Vdc, Ie = 0) 

2N930 


— 

10 



2N930A 


— 

2.0 


Collector Cutoff Current 


•CES 




(VcE = 45 Vdc, Vbe = 0) 

2N930 


— 

10 

nAdc 


2N930A 


— 

2.0 


(VcE = 45 Vdc, Vbe = 0, Ta = 170X) 

2N930 



10 

/xAdc 


2N930A 



2.0 


Emitter Cutoff Current 


'ebo 



nAdc 

(Vbe = 5.0 Vdc, Ic = 0) 

2N930 


— 

10 



2N930A 


— 

2.0 



ON CHARACTERISTICS 


DC Current Gain 

hpE 




dC = 1.0 /xAdc, VcE = 5.0 Vdc) 2N930A 


60 



dC = 10 /xAdc, VcE = 5.0 Vdc) 


100 

300 


dC = 10 AtAdc, VcE = 5.0 Vdc, Ta = -55°C) 2N930 


20 




2N930A 


30 

_ 


dC = 500 )u,Adc, VcE = 5.0 Vdc) 2N930 


150 

_ 


2N930A 


— 

— 


dC = 10 mAdc, VcE = 5.0 Vdc) (1) 2N930 


_ 

600 


2N930A 


— 

600 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector-Emitter Saturation Voltage (1) 
dC = 10 mAdc, Ib = 0.5 mAdc) 2N930 

2N930A 

VcElsat) 

- 

1.0 

0.5 

Vdc 

Base-Emitter Saturation Voltage (1) 

(Ic = 10 mAdc, Ib = 0.5 mAdc) 

VBE(sat) 

0.7 

0.9 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 500 fiAdc, VcE = 5.0 Vdc. f = 30 MHz) 2N930 

2N930A 

fT 

30 

45 

- 

MHz 

Output Capacitance 

(VcB - 5.0 Vdc, lE = 0, f = 1.0 MHz) 2N930 

2N930A 

Cobo 

- 

8.0 

6.0 

PF 

Input Impedance 

(IE = 1.0 mAdc, VcB = 5.0 Vdc, f = 1.0 kHz) 

l^ib 

25 

32 

ohms 

Voltage Feedback Ratio 
(Ie = 1.0 mAdc, VcB = 5.0 Vdc, f = 1.0 kHz) 

hrb 

— 

600 

X 10-6 

Small-Signal Current Gain 
dC = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

hfe 

150 

600 


Output Admittance 

(Ie = 1.0 mAdc, VcB = 5.0 Vdc, f = 1.0 kHz) 

hob 

— 

1.0 

jLtmhos 

Noise Figure 

dC = 10 fxAdc, VcE = 5.0 Vdc, 

RS = 10 k ohms, f = 10 Hz to 15.7 kHz) 

NF 


3.0 

dB 


(1) Pulse Test; Pulse Width 300 /jls, Duty Cycle ^ 2.0%. 
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2N956 


For Specifications, See 2N718A Data. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N1132 

2N1132A 

Unit 

Collector-Emitter Voltage 

VCEO 

35 

40 

Vdc 

Collector-Emitter Voltage 
(R 0 E 10 Ohms) 

VCER 

< 50 > 

Vdc 

Collector-Base Voltage 

VCBO 

50 1 60 

Vdc 

Emitter-Base Voltage 

vebo 

< 5.0 > 

Vdc 

Collector Current — Continuous 

'c 

< 600 > 

mA 

Total Device Dissipation (a) T/\ = 25°C 
Derate above 25°C 

Pd 

< 600 » 

< 3.43 > 

mW 

mW/X 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Pd 

< 2.0 > 

< 11.43 > 

Watts 

mW/X 

Total Device Dissipation - 100°C 

2N1132A 

Pd 

< 1.0 ^ 

Watts 

Operating and Storage Junction 
Temperature Range 

Tj' ^stg 

— 65 to - 1 - 200 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0 JC 

87.49 

X/W 

Thermal Resistance, Junction to Ambient 

R^ja 

291.55 

x/w 



ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mA) 

2N1132A 

2N1132 

V(BR)CEO 

40 

35 

— 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dC = 100 )LiAdc, Ie = 0) 

2N1132 


50 

— 



2N1132A 


60 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 


— 

Vdc 

dE = 100 /iAdc, Ic = 0) 

2N1132 


5.0 

— 


(Ie = 1.0 mA, Ic = 0) 

2N1132A 


5.0 



Collector Cutoff Current 


'CBO 



/iAdc 

(VcB = 30 Vdc, Ie = 0) 

2N1132 


— 

1.0 


(VcB = 50 Vdc, Ie = 0) 

2N1132 


— 

100 


(VcB = 30 Vdc, Ie = 0, Ta = 150X) 

2N1132 


— 

100 


(VcB = 45 Vdc, Ie = 0) 

2N1132A 


— 

0.5 


(VcB = 45 Vdc, Ie = 0, Ta = 150X) 

2N1132A 


— 

50 


Collector Cutoff Current 

2N1132 

'CER 

— 

10 

mA 

(VcE = 50 V, Rbe = ^ 10 Ohms) 

2N1132A 


— 

10 

mA 

Emitter Cutoff Current 


Iebo 



piAdc 

(Vbe = 5.0 Vdc, Ic = 0) 

2N1132A 


— 

100 


(Vbe = 2.0 Vdc, Ic = 0) 

2N1132 


— 

100 



ON CHARACTERISTICS! 1) 


DC Current Gain 
dC = 5.0 mAdc, VcE = 10 Vdc) 
dC = 150 mAdc, VcE = 10 Vdc) 

hpE 

25 

30 

90 


Collector-Emitter Saturation Voltage 
dC = 150 mAdc, Ib = 15 mAdc) 

VCE(sat) 

— 

1.5 

Vdc 

Base-Emitter Saturation Voltage 
dC = 150 mAdc, Ib = 15 mAdc) 

VBE(sat) 

— 

1.3 

Vdc 
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2N1132, A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Uni7 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

fr 

60 

— 

MHz 

Output Capacitance 


^obo 



PF 

(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

2N1132, 


— 

45 


(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

2N1132A 


— 

30 


Input Capacitance 


Cibo 



PF 

(Vbe = 0.5 Vdc, Ic = 0, f = 1.0 kHz) 

2N1132, 


— 

80 


(Vbe = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

2N1132A 


— 

80 


Input Impedance 


hib 



Ohms 

dC = 1.0 mAdc, VcB = 5.0 Vdc, f = 1.0 kHz 



25 

35 


dC = 5.0 mAdc, VcB = 10 Vdc, f = 1.0 kHz 



— 

10 


Voltage Feedback Ratio 


^rb 



X 10-4 

(Ic = 5.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 



— 

8.0 


dC = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 



— 

8.0 


Small-Signal Current Gain 


hfe 



— 

dC = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

2N1132, 


25 

100 



2N1132A 


25 

75 


dC = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

2N1132, 


30 





2N1132A 


30 



Output Admittance 


hob 



/xmhos 

dC =1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 



— 

1.0 


dC = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 



— 

5.0 



SWITCHING CHARACTERISTICS 


Turn-On Time 

2N1132A 

Ion 

— 

45 

ns 

Turn-Off Time 

2N1132A 

toff 

~ 

35 

ns 


(1) Pulse Test: Pulse Width 300 /xs. Duty Cycle 2.0%. 


FIGURE 1. SWITCHING TIMES TEST CIRCUIT 


VbB Vcc 
+ 1.5V -15V 
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2N1613 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 
(RbE ^ 10 Ohms) 

VCER 

50 

Vdc 

Collector-Base Voltage 

VCBO 

75 

Vdc 

Emitter-Base Voltage 

Vebo 

7.0 

Vdc 

Collector Current — Continuous 

ic 

500 

mAdc 

Total Device Dissipation @ T/\ = 25°C 
Derate above 25°C 

pd 

0.8 

4.57 

Watt 

mW/°C 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

3.0 

17.15 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj,Tstg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

58.3 

°C/W 


JAN, JTX, JTXV AVAILABLE 
CASE 79-04, STYLE t 
TO-39 (TO-205AD) 



3 Collector 



1 Emitter 


GENERAL PURPOSE 
TRANSISTOR 

NPN SILICON 


Refer to 2N3019 for graphs. 


ELECTRICAL CHARACTERISTICS (T/v = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) (Ic = 100 mAdc, Rbe ^ 10 Ohms) 

VCER(sus) 

50 

__ 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 100 /xAdc, Ig = 0) 

V{BR)CBO 

75 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage (If = 100 ixAdc, Iq = 0) 

V(BR)EBO 

7.0 

— 

— 

Vdc 

Collector Cutoff Current (Vcb = 60 Vdc, If = 0) 

•CBO 

— 

— 

10 

nAdc 

(VcB = 60 Vdc, Ie = 0, Ta = 150°C) 


~ 

— 

10 

ixAdc 

Emitter Cutoff Current (Veb = 5.0 Vdc, Iq = 0) 

'ebo ! 

— 

— 

10 

nAdc 


ON CHARACTERISTICSd) 


DC Current Gain (Ic = 100 fxAdc, VcE = 10 Vdc) 

(Ic = 10 mAdc, VcE = 10 Vdc) 
dC = 10 mAdc, VcE == 10 Vdc, Ta = -55X) 
dc = 150 mAdc, VcE = 10 Vdc) 
dC = 500 mAdc, VcE = 10 Vdc) 

hpE 

20 

35 

20 

40 

20 

35 

50 

80 

30 

120 


Collector-Emitter Saturation Voltage (Ic = 150 mAdc, Ib = 15 mAdc) 

VcE(sat) 

— 

0.3 

1.5 

Vdc 

Base-Emitter Saturation Voltage (Ic = 150 mAdc, Ib = 15 mAdc) 

VBE(sat) 

- 

0.78 

1.3 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(l) 
dc = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

fT 

60 

— 

— 

MHz 

Output Capacitance (Vcb = 10 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

— 

10 

25 

pF 

Input Capacitance (Veb = 0.5 Vdc, Ic = 0, f = 100 kHz) 

O^ibo 

_ 

50 

80 

PF 

Input Impedance (Ic = 10 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 

hib 

24 

_ 

34 

Ohms 

dc = 5.0 mAdc, Vcb = 10 Vdc, f = 1.0 kHz) 


4.0 

— 

8.0 


Voltage Feedback Ratio (Ic = 10 mAdc, Vcb = 6.0 Vdc, f = 1.0 kHz) 

hrb 

_ 

— 

3.0 

X 10-4 

dc = 5.0 mAdc, Vcb = 10 Vdc, f = 1.0 kHz) 


— 

— 

3.0 


Small-Signal Current Gain (Ic = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

hfe 

30 

— 

100 

_ 

dc = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 


35 

— 

150 


Output Admittance dc = 1-0 mAdc, Vcb = 6.0 Vdc, f = 1.0 kHz) 

hob 

0.05 

— 

0.5 

Amhos 

dc = 5.0 mAdc, Vcb = 10 Vdc, f = 1.0 kHz) 


0.05 

— 

0.5 


Noise Figure (Ic = 0.3 mAdc, Vce = 10 Vdc, Rs = 510 Ohms, f = 1.0 kHz, 

NF 

— 

— 

12 

dB 

Bandwidth = 1.0 Hz) 







SWITCHING CHARACTERISTICS 


I Switching Time | t(j + tr + tf [ — | — | 30 | ns 

(1) Pulse Test: Pulse Width 300 ixs, Duty Cycle ^ 2.0%. 
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2N1711 


For Specifications, See 2N718A Data. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

80 

Vdc 

Collector-Emitter Voltage 

VCER 

100 

Vdc 

Collector-Base Voltage 

VCBO 

120 

Vdc 

Emitter-Base Voltage 

Vebo 

7.0 

Vdc 

Collector Current — Continuous 

ic 

0.5 

Adc 

Total Device Dissipation @ Ta = 25°C 

pd 

0.8 

Watt 

Derate above 25°C 


4.57 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

3.0 

Watts 

Derate above 25°C 


17.2 

mW/°C 

Operating and Storage Junction 

Tj» Tstg 

-65 to +200 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

58.3 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

219 

x/w 



ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (\q = 100 mAdc, Rbe = 10 ohms) 

VCER(sus) 

100 

_ 

Vdc 

Collector-Emitter Sustaining Voltage(l) (Iq = 30 mAdc, Ib = 0) 

VcEOfsus) 

80 

_ 

Vdc 

Collector-Base Breakdown Voltage dc = 100 ^Adc, Ig = 0) 

V(BR)CBO 

120 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 100 ixAdc, Ic = 0) 

V(BR)EBO 

7.0 

_ 

Vdc 

Collector Cutoff Current (Vqb = 90 Vdc, Ie = 0) 

'CBO 

— 

0.01 

fiAdc 

(VcB = 90 Vdc, Ie = 0, Ta = 150°C) 


— 

15 


Emitter Cutoff Current (Vbe = 5.0 Vdc, Iq = 0) 

Iebo 

- 

0.01 

fxAdc 


ON CHARACTERISTICS 


DC Current Gain(1) (Ic = 0.1 mAdc, VcE = 10 Vdc) 
dc = 10 mAdc, VcE = 10 Vdc) 
dc = 10 mAdc, VcE = 10 Vdc, Ta = -55°C) 
dc = 150 mAdc, VcE = 10 Vdc) 

hpE 

20 

35 

20 

40 

120 


Collector-Emitter Saturation Voltage dc = 50 mAdc, Ib = 5.0 mAdc) 

VcE(sat) 

— 

1.2 

Vdc 

dc = 150 mAdc, Ib = 15 mAdc) 


— 

5.0 


Base-Emitter Saturation Voltage dc = 50 mAdc, Ib = 5.0 mAdc) 

VBE(sat) 

— 

0.9 

Vdc 

dc = 150 mAdc, Ib = 15 mAdc) 


— 

1.3 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product dc = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

fT 

50 

— 

MHz 

Output Capacitance (Vcb = 10 Vdc, Ie = 0, 100 kHz < f ^ 1.0 MHz) 

^obo 

— 

15 

PF 

Input Capacitance (Vbe = 0.5 Vdc, Ic = 0, 100 kHz f ^ 1.0 MHz) 

o 

cf 

_ 

85 

PF 

Input Impedance (Ic = 1.0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 

*^ib 

20 

30 

Ohms 

dc = 5.0 mAdc, Vcb = 10 Vdc, f = 1.0 kHz) 


4.0 

8.0 


Voltage Feedback Ratio dc = 10 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 

hrb 

— 

1.25 

X 10-4 

dc = 5.0 mAdc, Vcb = 10 Vdc, f = 1.0 kHz) 


— 

1.5 


Small-Signal Current Gain (Ic = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

hfe 

30 

100 

— 

dc = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 


45 

— 


Output Admittance dc = 1-0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 

hob 

— 

0.5 

(jLvnho 

dc = 5.0 mAdc, Vcb = 10 Vdc, f = 1.0 kHz) 


— 

0.5 



(1) Pulse Test: Pulse Width ^ 300 yxs, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N2060 

2N2223,A 

2N2480 

2N2480A 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

40 

40 

Vdc 

Collector-Emitter Voltage 

VCER 

80 


_ 

— 

Vdc 

Collector-Base Voltage 

VCBO 

100 

75 

80 

Vdc 

Emitter-Base Voltage 

Vebo 

7.0 

5.0 

5.0 

Vdc 

Collector Current — Continuous 

ic 

500 

mAdc 





All Die 




One Die 

Equal Power 


Total Device Dissipation 

Pd 






@ Ta = 25°C 






Watts 

2N2060,A 


0.5 



0.6 


2N2223,A 


0.5 



0.6 


2N2480,A 


0.3 



0.6 


Derate above 25°C 






mW/°C 

2N2060,A 


2.86 



3.43 


2N2223,A 


2.86 



3.43 


2N2480,A 


1.72 



3.43 


Total Device Dissipation 

Pd 






@ Tc = 25°C 






Watts 

2N2060,A 


1.5 



3.0 


2N2223,A 


1.6 



3.0 


2N2480,A 


1.0 



2.0 


Derate above 25°C 






mW/X 

2N2060,A 


8.6 



17.2 


2N2223,A 


9.1 



11.4 


2N2480,A 


5.7 



11.4 


Operating and Storage Junction 

Tj, Tgtg 


-65 to +200 

X 

Temperature Range 








2N2060 
2N2223, A 
2N2480A 

2N2060 JAN, JTX, JTXV 
AVAILABLE 
CASE 654-07, STYLE 1 

Collector 1 7 Collector 



DUAL 

AMPLIFIER TRANSISTORS 

NPN SILICON 


Refer to MD2218 for graphs. 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min | Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dc = 100 mAdc, Rbe ^ 10 ohms) 

2N2060, 2N2223, 2N2223A 

VcER(sus) 

80 

— 

Vdc 

Collector-Emitter Sustaining Voltage(l) 


VCEO(sus) 



Vdc 

dC = 20 mAdc, Ig = 0) 

2N2480A 


40 

— 


dc = 30 mAdc, \q = 0) 

2N2060, 2N2223, 2N2223A 


60 

— 


Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dc - 100/xAdc, Ie = 0) 

2N2060, 2N2223, 2N2223A 


100 

— 



2 N 2480 A* 


80 

— • 


Emitter-Base Breakdown Voltage 


V(BR)EBO 



Vdc 

(Ie = 100 fiAdc, Ic = 0) 

2N2060, 2N2223, 2N2223A 


7.0 

— 



2N2480A 


5.0 

— 


Collector Cutoff Current 


•CBO 



/xAdc 

(VcB = 30 Vdc, Ie = 0, Ta = 150X) 

2N2480A 


— 

15 


(VcB = 60 Vdc, Ie = 0) 

2 N 2480 A 


- 

0.02 


(VcB = 80 Vdc, Ie = 0) 

2N2060 


_ 

0.002 



2N2223, 2N2223A 


— 

0.01 


(VcB = 80 Vdc, Ie = 0, Ta = 150X) 

2N2060 


_ 

10 



2N2223, 2N2223A 


— 

15 


Emitter Cutoff Current 


lEBO 



nAdc 

(Vbe = 5.0 Vdc, Ic = 0) 

2N2060 


— 

2.0 



2N2223, 2N2223A 


— 

10 



2N2480A 


— 

20 



(1) Pulse Test; Pulse Width 300 ^lS, Duty Cycle =5 2%. 
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2N2060, 2N2223, A, 2N2480A 


ELECTRICAL CHARACTERISTICS (continued) (T>\ = 25X unless otherwise noted.) 


1 

Characteristic 

1 Symbol | 

Min 

1 Max 1 

Unit 1 

ON CHARACTERISTICS 







DC Current Gain 


hpE 



_ 

dC = 10 /lAdc, VcE = 5.0 Vdc) 

2N2060 


25 

75 



2N2223, 2N2223A 


15 

— 


dC = 100 ^lA6c, VcE = 5.0 Vdc) 

2N2060 


30 

90 



2N2223, 2N2223A 


25 

150 



2N2480A 


35 

— 


dC = 1.0 mAdc, VcE = 5.0 Vdc) 

2N2060 


40 

120 



2 N 2480 A 


50 

200 


(Ic = 10 mAdc, VcE = 5.0 Vdc) 

2N2060 


50 

150 



2N2223, 2N2223A 


50 

200 


Collector-Emitter Saturation Voltage 


VCE(sat) 



Vdc 

(Ic = 50 mAdc, Iq = 5.0 mAdc) 

2N2060A 


— 

0.6 



2N2060, 2N2223, 2N2223A, 2N2480A 


— 

1.2 


Base-Emitter Saturation Voltage 


VBE{sat) 

— 

0.9 

Vdc 

dC = 50 mAdc, Ib = 5.0 mAdc) 

2N2060, 2N2223, 2N2223A, 2N2480A 

i 




SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 50 mAdc, Vqe = 10 Vdc, 
f = 20 MHz) 

2N2223, 2N2223A, 2N2480A 

2N2060 


50 

60 

- 

MHz 

Output Capacitance 


Cobo 



PF 

(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

2N2060, 2N2060A, 2N2223. 2N2223A 


— 

15 



2 N 2480 A 


— 

18 


Input Capacitance 


o 

6 

— 

85 

PF 

(Vbe = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

2N2060, 2N2223A, 2N2480A 





Input Impedance 


l^ie 



ohms 

dc = 1.0 mAdc, VcE = 5.0 Vdc, 

2N2060 


1000 

4000 


f = 1.0 kHz) 

2N2480A 


1000 

5000 


Input Impedance 


5ib 



ohms 

dc = 1.0 mAdc, VcB = 5.0 Vdc, 

2N2060, 2N2223, 2N2223A 


20 

30 


f = 1.0 kHz) 

2N2480A 


20 

35 


Voltage Feedback Ratio 


hrb 

— 

3.0 

X 10-4 

dc =1.0 mAdc, VcB = 5.0 Vdc, 






f = 1.0 kHz) 

2N2223, 2N2223A 





Small-Signal Current Gain 


hfe 



— 

(Ic = 1 .0 mAdc, VcE = 5.0 Vdc, 

2N2060 


50 

150 


f = 1.0 kHz) 

2N2223, 2N2223A 


40 

200 



2N2480A 


50 

300 


Output Admittance 


hoe 

— 

16 

/u-mhos 

(Ic = 1.0 mAdc, VcE = 5.0 Vdc, 






f = 1.0 kHz) 

2N2060, 2N2480A 





Output Admittance 


hob 

— 

0.5 

jLtmhos 

(Ic = 1 .0 mAdc, VcB = 5.0 Vdc, 






f = 1 .0 kHz) 

2N2223, 2N2223A 
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2N2060, 2N2223, A, 2N2480A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

Noise Figure 


NF 



dB 

dc = 0.3 mAdc, Vqe = 10 Vdc, 
RS = 510 a, 

f = 1.0 kHz, BW = 1.0 Hz) 

2N2480A 



8.0 


dc = 0.3 mAdc, Vqe = 10 Vdc, 
RS = 510 a, 

f = 1.0 kHz, BW = 200 Hz) 

2N2060 



8.0 


dc = 0.3 mAdc, VcE = 10 Vdc, 
Rs = 1.0 ka, 

f = 1.0 kHz, BW = 15.7 kHz)(2) 




8.0 



MATCHING CHARACTERISTICS 


DC Current Gain Ratio(3) 
dc = 100 /xAdc, VcE = 5.0 Vdc) 

dc = 1.0 mAdc, VcE = 5.0 Vdc) 

2N2060, 2N2223A 

2N2223, 2N2480A 

2 N 2060 

2N2480 

hFE1''^iFE2 

0.9 

0.8 

0.9 

0.8 

1.0 

1.0 

1.0 

1.0 


Base-Emitter Voltage Differential 


|Vbei-Vbe2I 



mVdc 

dc = 100 /uAdc, VcE = 5.0 Vdc) 

2N2060, 2N2223A, 2N2480A 


— 

5.0 



2N2223 


— 

15 


dc = 1.0 mAdc, VcE = 5.0 Vdc) 

2N2060, 2N2060A, 2N2480A 


— 

5.0 



2 N 2480 1 


— 

10 


Base-Emitter Voltage Differential Change Due to Temperature 

A(Vbei-VbE2) 



fA/rc 

dc = 100 /xAdc, VcE - 5.0 Vdc, 


AT 




Ta = -55°C to +125°C) 

2N2060 


— 

10 



2N2223, 2N2223A 


— 

25 



2N2480A 


— 

15 



(1) Pulse Test: Pulse Width ^ 300 /xs, Duty Cycle ^ 2.0%. 

(2) Amplifier; 3.0 dB points at 25 Hz and 10 kHz with a roll-off of 6.9 dB per octave. 

(3) The lowest hpE reading is taken as hpEl for this ratio. 


FIGURE 1 — DC CURRENT GAIN versus COLLECTOR CURRENT 



0.01 0.1 1.0 10 100 300 

IC, COLLECTOR CURRENT (MA) 


FIGURE 2 — "ON" VOLTAGES 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

65 

Vdc 

Collector-Emitter Voltage, Rqe 10 Ohms 

VCER 

80 

Vdc 

Collector-Base Voltage 

VCBO 

120 

Vdc 

Emitter-Base Voltage 

Vebo 

7.0 

Vdc 

Collector Current — Continuous 

•c 

1.0 

Adc 

Total Device Dissipation @ Ta = 25°C 

pd 

1.0 

Watt 

Derate above 25°C 


5.71 

mW/X 

Total Device Dissipation @ Tq = 25°C 

pd 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/X 

Operating and Storage Junction 

Tj/ Tstg 

-65 to +200 

X 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

35 

X/W 

Thermal Resistance, Junction to Ambient 

R0Ja(i) 

175 

x/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


Symbol 


Typ 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 100 mAdc, Rbe 10 ohms) 

VceR(sus) 

80 

— 

— 

Vdc 

Collector-Emitter Sustaining Voltage(2) (Iq = 100 mAdc, Ig = 0) 

VCEO(sus) 

65 

— 

— 

Vdc 

Collector-Emitter Breakdown Voltage (Iq = 100 /u-Adc, Veb = 1-5 Vdc) 

V(BR)CEX 

120 

— 

— 

Vdc 

Collector-Base Breakdown Voltage (Ic = 100 /iAdc, Ie = 0) 

V(BR)CB0 

120 

_ 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 100 ju-Adc, Ic = 0) 

V(BR)EBO 

7.0 

— 

— 

Vdc 

Collector Cutoff Current (VcB = 60 Vdc, Ie = 0) 

>CBO 

— 

— 

2.0 

nAdc 

(VcB = 60 Vdc, Ie = 0, Ta = 150X) 


— 

— 

2.0 

^Adc 

Emitter Cutoff Current (VgE = 5.0 Vdc, Ic = 0) 

•ebo 

— 

— 

2.0 

nAdc 


ON CHARACTERISTICS 


DC Current Gain (Ic = 0.1 mAdc, VcE = 10 Vdc) 

hpE 

20 

— 

_ 

_ 

dC = 10 mAdc, VcE = 10 Vdc) 


35 

— 

— 


dC = 10 mAdc, VcE = 10 Vdc, Ta = -55X) 


20 

— 

— 


dC = 150 mAdc, Vce = 10 Vdc)(2) 


40 

— 

120 


dC = 500 mAdc, Vce = 10 Vdc)(2) 


25 

— 

— 


dC = 1.0 Adc, Vce = 10 Vdc)(2) 


10 

— 

— 


Collector-Emitter Saturation Voltage dc = 150 mAdc, Ib = 15 mAdc) 

VCE(sat) 

— 

0.15 

0.5 

Vdc 

Base-Emitter Saturation Voltage (Ic = 150 mAdc, Ib = 15 mAdc) 

VBE(sat) 


0.88 

1.1 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product dc = 50 mAdc, Vce = 10 Vdc, 
f = 20 MHz) 

fT 

60 

— 

— 

MHz 

Output Capacitance (VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

— 

6.0 

16 

PF 

Input Capacitance (Vbe = 0,5 Vdc, Ic = 0, f = 100 kHz) 

^ibo 

— 

50 

80 

— 

pF 

Input Impedance (Ic = 1-0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 

hib 

24 

— 

34 

Ohms 

dc = 5.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 


4.0 

— 

8.0 


Voltage Feedback Ratio (Ic = 10 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 

hrb ' 

— 

— 

3.0 

X 10-4 

dc = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 


— 

— 

3.0 


Small-Signal Current Gain dc = 1.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 

hfe 

30 

— 

100 

_ 

dc = 5.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 


35 

— 

150 


Output Admittance dc = 1.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 

hob 

0.01 

— 

0.5 

/imho 

dc = 5.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) ; 


0.01 

— 

1.0 


Noise Figure dc = 300 ixAdc, Vce = 10 Vdc, Rs = 1.0 k Ohm, 

NF 

— 

4.0 

6.0 

dB 

f = 1.0 kHz, Bandwidth = 1.0 Hz) 







SWITCHING CHARACTERISTICS 


Switching Time 


ltd + tr + tf J — 


30 


(1) R^ja is measured with the device soldered into a typical printed circuit board. (2) Pulse Test: Pulse Width ^ 300 fis, Duty Cycle « 2.0' 
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MAXIMUM RATINGS 




2N2218 

2N2218A 





2N2219 

2N2219A 





2N2221 

2N2221A 

2N5581 


Rating 

Symbol 

2N2222 

2N2222A 

2N5582 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

40 

40 

Vdc 

Collector-Base Voltage 

VCBO 

60 

75 

75 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

6.0 

6.0 

Vdc 

Collector Current — Continuous 

•c 

800 

800 

800 

mAdc 



2N2218,A 

2N2221,A 

2N5581 




2N2219,A 

2N2222,A 

2N5582 


Total Device Dissipation 

Pd 





@ Ta = 25°C 


0.8 

0.5 

0.6 

Watt 

Derate above 25°C 


4.57 

2.28 

3.33 

mW/X 

Total Device Dissipation 

Pd 





@ Tc = 25°C 


3.0 

1.2 

2.0 

Watts 

Derate above 25°C 


17.1 

6.85 

11.43 

mW/°C 

Operating and Storage Junction 

Tj' Tstg 

- 

65 to +200 

X 

Temperature Range 






2N2218, A/2N2219, A 
2N2221, A/2N2222, A 
2N5581/82 

JAN, JTX, JTXV AVAILABLE 

2N2218, A/2N2219, A 
CASE 79-04 
TO-39 (TO-205AD) 

STYLE 1 3 

2N2221, A/2N2222, A 
CASE 22-03 
TO-18 (TO-206AA) 

STYLE 1 / 

3 P 

2N5581/2N5582 ^ 

CASE 26-03 
TO-46 (TO-206AB) 

STYLE 1 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 



ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(IC = 10 mAdc, Ib = 0) 

Non-A Suffix 

A-Suffix, 2N5581, 2N5582 

V(BR)CEO 

30 

40 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dC = 10 /LAdc, Ie = 0) 

Non-A Suffix 


60 

— 



A-Suffix, 2N5581, 2N5582 


75 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 



Vdc 

(Ie = 10 /iAdc, Ic = 0) 

Non-A Suffix 


5.0 

— 



A-Suffix, 2N5581, 2N5582 


6.0 

— 


Collector Cutoff Current 


'CEX 

— 

10 

nAdc 

(VcE = 60 Vdc, VEB(off) = 3.0 Vdc) 

A-Suffix, 2N5581, 2N5582 





Collector Cutoff Current 


'CBO 



/LtAdc 

(VcB = 50 Vdc, Ie = 0) 

Non-A Suffix 


— 

0.01 


(VcB = 60 Vdc, Ie = 0) 

A-Suffix, 2N5581, 2N5582 


— 

0.01 


(VcB = 50 Vdc, Ie = 0, Ta = 150X) 

Non-A Suffix 


— 

10 


(VcB = 60 Vdc, Ie = 0, Ta = 150X) 

A-Suffix, 2N5581, 2N5582 


— 

10 


Emitter Cutoff Current 


Iebo 

— 

10 

nAdc 

(Veb = 3.0 Vdc, Ic = 0) 

A-Suffix, 2N5581, 2N5582 





Base Cutoff Current 


•bl 

— 

20 

nAdc 

(VcE = 60 Vdc, VEB(off) = 3.0 Vdc) 

A-Suffix 






ON CHARACTERISTICS 


DC Current Gain 


hpE 



_ 

dC = 0.1 mAdc, VcE = 10 Vdc) 

2N2218,A, 2N2221,A, 2N5581(1) 


20 

— 



2N2219,A, 2N2222,A, 2N5582(1) 


35 

— 


(Ic =1.0 mAdc, VcE = 10 Vdc) 

2N2218,A, 2N2221,A, 2N5581 


25 





2N2219,A, 2N2222,A, 2N5582 


50 

— 


dC = 10 mAdc, VcE = 10 Vdc) 

2N2218,A, 2N2221,A, 2N5581(1) 


35 

— 



2N2219,A, 2N2222,A, 2N5582(1) 


75 

— 


dC = 10 mAdc, VcE = 10 Vdc, Ta = -55X) 

2N2218A, 2N2221A, 2N5581 


15 

— 



2N2219A, 2N2222A, 2N5582 


35 

— 


dC = 150 mAdc, VcE = 10 Vdc)(1) 

2N2218,A, 2N2221,A, 2N5581 


40 

120 



2N2219,A, 2N2222,A, 2N5582 


100 

300 
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2N221 8/1 9/21/22, A SERIES, 2N5581/82 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

dc = 150 mAdc, Vce = 1-0 Vdc)(1) 

2N2218,A, 2N2221,A, 2N5581 


20 




2N2219,A, 2N2222,A, 2N5582 


50 

— 


dC = 500 mAdc, Vqe = 10 Vdc){1) 

2N2218, 2N2221 


20 




2N2219, 2N2222 


30 

— 



2N2218A, 2N2221A, 2N5581 


25 

— 



2N2219A, 2N2222A, 2N5582 


40 

— 


Collector-Emitter Saturation Voltage(l) 


VcE(sat) 



Vdc 

dc = 150 mAdc, Ib = 15 mAdc) 

Non-A Suffix 

— 

0.4 


A-Suffix, 2N5581, 2N5582 


— 

0.3 


dc = 500 mAdc, Ib = 50 mAdc) 

Non-A Suffix 




1.6 


A-Suffix, 2N5581, 2N5582 



1.0 


Base-Emitter Saturation Voitage(l) 


VBE(sat) 



Vdc 

dc = 150 mAdc, Ib = 15 mAdc) 

Non-A Suffix 

0.6 

1.3 


A-Suffix, 2N5581, 2N5582 


0.6 

1.2 


dc = 500 mAdc, Ib = 50 mAdc) 

Non-A Suffix 




2.6 


A-Suffix, 2N5581, 2N5582 


— 

2.0 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 

(IC = 20 mAdc, Vce = 20 Vdc, f = 100 MHz) All Types, Except 

2N2219A, 2N2222A, 2N5582 

fT 

250 

300 

- 

MHz 

Output Capacitance(3) 

Cobo 

— 

8.0 

PF 

(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 





Input Capacitance(3) 

Qbo 



PF 

(Veb = 0.5 Vdc, Ic = 0, f = 100 kHz) Non-A Suffix 


— 

30 


A-Suffix, 2N5581, 2N5582 


— 

25 


Input Impedance 

hie 



kohms 

dc = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 2N2218A, 2N2221A 


1.0 

3.5 


2N2219A, 2N2222A 


2.0 

8.0 


dc = 10 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 2N2218A, 2N2221A 


0.2 

1.0 


2N2219A, 2N2222A 


0.25 

1.25 


Voltage Feedback Ratio 

hre 



X 10-4 

dc = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 2N2218A, 2N2221A 


— 

5.0 


2N2219A. 2N2222A 


— 

8.0 


dc = 10 mAdc, Vce = 10 Vdc, f - 1.0 kHz) 2N2218A, 2N2221A 




2.5 


2N2219A, 2N2222A 


— 

4.0 


Small-Signal Current Gain 

hfe 



— 

dc = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 2N2218A, 2N2221A 


30 

150 


2N2219A, 2N2222A 


50 

300 


dc = 10 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 2N2218A, 2N2221A 


50 

300 


2N2219A, 2N2222A 


75 

375 


Output Admittance 

hoe 



/Ltmhos 

dc = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 2N2218A, 2N2221A 


3.0 

15 


2N2219A, 2N2222A 


5.0 

35 


dc = 10 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 2N2218A, 2N2221A 


10 

100 


2N2219A, 2N2222A 


25 

200 


Collector Base Time Constant 

rb'Cc 

_ 

150 

ps 

Oe = 20 mAdc, Vcb = 20 Vdc, f = 31.8 MHz) A-Suffix 





Noise Figure 

NF 

_ 

4.0 

dB 

dc = 100 fiAdc, Vce = 10 Vdc, 





RS = 1.0 kohm, f = 1.0 kHz) 2N2222A 





Real Part of Common-Emitter 

Re{hje) 

_ 

60 

Ohms 

High Frequency Input Impedance 





dC = 20 mAdc, Vce = 20 Vdc, f = 300 MHz) 2N2218A, 2N2219A 





2N2221A, 2N2222A 






(1) Pulse Test: Pulse Width 300 fxs, Duty Cycle 2.0%. 

(2) fj is defined as the frequency at which |hfe| extrapolates to unity. 

(3) 2N5581 and 2N5582 are Listed Ccb and Ceb for these conditions and values. 
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2N221 8/1 9/21/22, A SERIES, 2N5581/82 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic \ Symbol j Min | Max ] Unit 

SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 30 Vdc, VBE(off) = 0-5 Vdc, 

Ic = 150 mAdc, Ibi =15 mAdc) 

(Figure 14) 

td 

— 

10 

ns 

Rise Time 

tr 

- 

25 

ns 

Storage Time 

(Vcc = 30 Vdc, Ic = 150 mAdc, 

Iri == Ib 2 = 15 mAdc) 

(FigurelB) 

Is 

— 

225 

ns 

Fall Time 

tf 

— 

60 

ns 

Active Region Time Constant 

dC = 150 mAdc, VcE = 30 Vdc) (See Figure 12 for 2N2218A, 2N2219A 

2N2221A, 2N2222A) ' 

ta 


2.5 

ns 



0.5 0.7 1.0 2.0 3.0 5.0 10 20 30 50 70 100 200 300 500 


IC, COLLECTOR CURRENT (mA) 


FIGURE 2 - COLLECTOR CHARACTERISTICS IN SATURATION REGION 



0 1.0 2.0 3.0 4,0 5.0 

ISo/ISf. OVERDRIVE FACTOR 


This graph shows the effect of base current on collector current. jSo 
(current gain at the edge of saturation) is the current gain of the 
transistor at 1 volt, and (forced gain) is the ratio of U/Iif in a circuit. 

EXAMPLE: For type 2N2219, estimate a base current (U) to insure 
saturation at a temperature of 25*C and a collector current of 
150 mA. 

Observe that at Ic = 150 mA an overdrive factor of at least 2.5 
is required to drive the transistor well into the saturation region. From 
Figure 1, it is seen that h„ @ 1 volt is approximately 0.62 of h„ @ 10 
volts. Using the guaranteed minimum gain of 100 @ 150 mA and 
10 V, /?o = 62 and substituting values in the overdrive equation, 
we find: 


fio h«@1.0V 62 

\c/\u ^-^"IbO/L 


Im~ 6.0 mA 
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EDANCE(k OHMS) 


2N221 8/1 9/21/22, A SERIES, 2N5581/82 


FIGURE 3 - "ON" VOLTAGES 


FIGURE 4 - TEMPERATURE COEFFICIENTS 
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IC, COLLECTOR CURRENT (mA) 


h PARAMETERS 

VcE = 10 Vdc, f = 1 .0 kHz, Ta = 

This group of graphs illustrates the relationship between hfg and other "h” parameters 
for this series of transistors. To obtain these curves, a high-gain and a low-gain unit were 
selected and the same units were used to develop the correspondingly numbered curves 
on each graph. 


FIGURE 5 — INPUT IMPEDANCE 




FIGURE 6 — VOLTAGE FEEDBACK RATIO 



i! 


Ic. COLLECTOR CURRENT (mAdc) 


Ic. COLLECTOR CURRENT (mAdc) 


FIGURE 7 — CURRENT GAIN 




FIGURE 8 — OUTPUT ADMITTANCE 




Ic, COLLECTOR CURRENT (mAdc) 


Ic, COLLECTOR CURRENT (mAdc) 
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u, STORAGE AND FALL TIME (ns ) t, TIME (ns) 


2N221 8/1 9/21/22, A SERIES, 2N5581/82 
SWITCHING TIME CHARACTERISTICS 



3.0 5.0 10 20 30 50 100 200 300 

Ic, COLLECTOR CURRENT (mA) 


FIGURE 10 — CHARGE DATA 



FIGURE 11 — TURN-OFF BEHAVIOR 



10 20 30 50 70 100 200 300 

Ic, COLLECTOR CURRENT (mA) 



FIGURE 12 — DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 


FIGURE 13 — STORAGE TIME AND FALL 
TIME EQUIVALENT TEST CIRCUIT 


GENERATOR RISE TIME < 2.0 ns 



DUTY CYCLE = 2.0% +30 V 



SCOPE 

Rjn > 100 k ohms 
Cin< 12 pF 
RISE TIME < 5.0 ns 
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2N2223, A For Specifications, See 2N2060 Data 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

Vdc 

Collector-Emitter Voltage, Rbe 10 Ohms 

VCER 

60 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

7.0 

Vdc 

Collector Current — Continuous 

'c 

1.0 

Adc 

Total Device Dissipation @ T^ = 25X 

Pd 

1.0 

Watt 

Derate above 25°C 


5.71 

mW/X 

Total Device Dissipation @ Tq = 25°C 

Pd 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/X 

Operating and Storage Junction 
Temperature Range 

"•"j' Tstg 

-65 to -1-200 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R6)JC 

35 

X/W 

Thermal Resistance, Junction to Ambient 

RejAd) 

175 

x/w 


2N2270 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 



AMPLIFIER TRANSISTOR 

NPN SILICON 


Refer to 2N3019 for graphs. 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min [ Typ [ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) (\q = 100 mAdc, Rbe 10 Ohms) 

V(BR)CER 

60 

— 

— 

Vdc 

Collector-Emitter Sustaining Voltage(2) (Iq = 100 mAdc, Ib = 0) 

VcEO(sus) 

45 

— 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 0.05 ixAdc, Ig = 0) 

V{BR)CBO 

60 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 0.1 mAdc, Iq = 0) 

V(BR)EBO 

7.0 

— 

— 

Vdc 

Collector Cutoff Current (VcB = 60 Vdc, Ie = 0, Tq = 25X) 

ICBO 

— 

— 

0.05 

ytiAdc 

(VcB = 60 Vdc, Ie = 0, Tc = 150X) 


— 

— 

100 


Emitter Cutoff Current (Vbe = 6.0 Vdc, Ic = 0) 

Iebo 

— 

- 

100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 1.0 mAdc, VcE = 10 Vdc) 
dC = 150 mAdc, Vqe = 10 Vdc) 

hpE 

30 

50 

90 

135 

200 

— 

Collector-Emitter Saturation Voltage 
dC =150 mAdc, Ib = 15 mAdc) 

VCE(sat) 

— 

0.15 

0.9 

Vdc 

Base-Emitter Saturation Voltage 
dc = 150 mAdc, Ib = 15 mAdc) 

VBE(sat) 

— 

0.88 

i 

1.2 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

fT 

100 

250 

- 

MHz 

Output Capacitance 
(VcB = 10 Vdc. Ie = 0. f = 100 kHz) 

O^obo 

— 

10 

15 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc. Ic = 0, f = 100 kHz) 

o 

6 

— 

60 

80 

PF 

Small-Signal Current Gain 
dc = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hfe 

50 

— 

275 

— 

Noise Figure 

dc = 0.3 mAdc, VcE = 10 Vdc, Rs = 1.0 k Ohm, 
f = 1.0 kHz, B.W. = 1.0 Hz) 

NF 

■ 

7.0 

10 

dB 


SWITCHING CHARACTERISTICS 


I Total Switching Time | tpn + tpff | — | — | 30 | ns 

(1) Rqja is measured with the device soldered into a typical printed circuit board. 

(2) Pulse Test: Pulse Width 300 ixs, Duty Cycle 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 


Vdc 

2N2368,9,A 


15 


2N3227 


20 


Collector-Emitter Voltage 

VCES 

40 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 


Vdc 

2N2368,9,A 


4.5 


2N3227 


6.0 


Collector Current 

<C(Peak) 

500 

mA 

(10 fis pulse) 




Collector Current — Continuous 

•c 

200 

mA 

2N2369A, 




2N3227 




Total Device Dissipation 

Pd 



@ Ta = 25°C 


0.36 

Watt 

Derate above 25°C 


2.06 

mW/°C 

Total Device Dissipation 

Pd 



@ Tc = 25X 


1.2 

Watts 

Derate above 25°C 2N3227 


6.85 

mW/°C 

Total Device Dissipation 

Pd 



@ Tc = 100°C 


.68 

Watts 

Derate above 100°C 


6.85 

mW/X 

Operating and Storage Junction 

7j» Tstg 

- 65 to -1- 200 

°C 

Temperature Range 





2N2368 
2N2369, A 
2N3227 

2N2369A JAN, JTX 
JTXV AVAILABLE 
CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 



SWITCHING TRANSISTORS 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min f Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dc = 10 mAdc, Vbe = 0) 2N3227 

V(BR)CEO 

20 

— 

Vdc 

Collector-Emitter Breakdown Voltage 
dc = 10 aA, Vbe = 0) 

V(BR)CES 

40 

— 

Vdc 

Collector-Emitter Sustaining Voltage! 1) 
dc = 10 mAdc, Ib = 0) 

VCEO(sus) 

15 

— 

Vdc 

Collector-Base Breakdown Voltage 
dc = 10 aA, Ib = 0) 

V(BR)CBO 

40 

— 

Vdc 

Emitter-Base Breakdown Voltage 

(Ie = 10 AAdc, Ic = 0) 2N2368, 2N2369, 2N2369A 

2N3227 

V(BR)EBO 

4.5 

6.0 

- 

Vdc 

Collector Cutoff Current 

(Vce = 20 Vdc, Vbe = 3 0 Vdc) 2N3227 

'CEX 

— 

0.2 

AAdc 

Collector Cutoff Current 

(VcB = 20 Vdc, 1 e = 0) 2N2368, 2N2369 

2N3227 

(VcB = 20 Vdc, Ie = 0, Ta = 150°C) 2N2368, 2N2369, 2N2369A 

2N3227 

•CBO 



0.4 

0.2 

30 

50 

^Adc 

Collector Cutoff Current 

(Vce = 20 Vdc, Vbe = O) 2N2369A 

'CES 

— 

0.4 

AAdc 

Base Current 

(VcE = 20 Vdc, Vbe = 0) 2N2369A 

Ib 

— 

0.4 

^Adc 


ON CHARACTERISTICS 


DC Current Gain(1) 

hPE 

— 


— 

dc = 10 mAdc, Vce = 1-0 Vdc) 2N2368 


20 

60 


2N2369 


40 

120 


2N2369A 


_ 

120 


2N3227 


100 

300 


dc = 10 mAdc, Vce = 10 Vdc, Ta = -55X) 2N2368 


10 

— 


2N2369 


20 

— 


2N3227 


40 

1 


dc = 10 mAdc, Vce = 0.35 Vdc, Ta = -55°C) 2N2369A 


20 

— 


dc = 30 mAdc, Vce = 0.4 Vdc) 2N2369A 


30 

— 
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2N2368, 2N2369, A, 2N3227 


ELECTRICAL CHARACTERISTICS (continued) (1^ = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

dC = 100 mAdc, VcE = 1.0 Vdc) 

2N2369A 


20 





2N3227 


30 

— 


dC = 100 mAdc, VcE = 2.0 Vdc) 

2N2368 


10 





2N2369 


20 

— 


Collector-Emitter Saturation Voltage(l) 


VCE(sat) 



Vdc 

dC = 10 mAdc, IB = 1.0 mAdc) 

2N2368, 2N2369, 2N3227 

— 

0.25 



2N2369A 


— 

0.20 


dC = 10 mAdc, Ib = 1.0 mAdc, T^ = +125°C) 

2N2369A 



0.30 


dC = 30 mAdc, Ib = 3.0 mAdc) 

2N2369A 




0.25 


dC = 100 mAdc, Ib = 10 mAdc) 

2N2369A 



0.50 



2N3227 


— 

.45 


Base-Emitter Saturation Voltaged) 


VBE(sat) 



Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 

All Types 


0.70 

0.85 


dC = 10 mAdc, Ib = 1.0 mAdc, Ta = +125°C) 

2N2369A 


0.59 

— 


dC = 10 mAdc, Ib = 1.0 mAdc, Ta = -55°C) 

2N2369A 


— 

1.02 


dC = 30 mAdc, Ib = 3.0 mAdc) 

2N2369A 


— 

1.15 


dC = 100 mAdc, Ib = 10 mAdc) 

2N2369A 




1.60 



2N3227 


0.8 

1.4 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

2N2368 

2N2369, 2N2369A, 2N3227 

fT 

400 

500 

- 

MHz 

Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 140 kHz) 

All Types 

^obo 


4.0 

PF 

Input Capacitance 

(Vbe = 1.0 Vdc, Ic = 0, f = 140 kHz) 

2N3227 

^ibo 

1 


4.0 

PF 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 10 V, Veb = 2.0 Vdc, 

100 mA, Ibi =10 mA) 

2N3227 

td 

— 

5.0 

ns 

Rise Time 

tr 

— 

18 

ns 

Storage Time 



Is 



ns 

dC = Ibi = 10 mAdc, Ib 2 = “10 mAdc) 

2N2368 


— 

10 


dC = 100 mAdc, Ibi = 

IB2 = 10 mAdc, Vcc = 10 V) 

2N2369A 


— 

13 




2N3227 


— 

13 


Fall Time 



tf 

_ 

15 

ns 

(Vcc = 10 V, Ic = 100 mA, Ibi = Ib 2 = 10 mA) 

2N3227 





Turn-On Time 



Ion 

— 

12 

ns 

dc = 10 mAdc, Ibi = 

3.0 mA, Ib 2 = “15 mA, Vcc = 3.0 Vdc) 

All Types 





Turn-Off Time 



toff 



ns 

dc = 10 mAdc, Ibi = 

3.0 mA, Ib 2 = “15 mA, Vcc = 3.0 Vdc) 

2N2368 


— 

— 1 




2N2369, 


— 

— 




2N2369A, 


— 

15 




2N3227 


— 

18 


Total Control Charge 



Qt 

— 

50 

pC 

dc = 10 mA, Ib = 1.0 mA, Vcc = 3.0 V) 

2N3227 






(1) Pulse Test; Pulse Width ^ 300 /xs, Duty Cycle 2.0%. 
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CAPACITANCE (pF) 


2N2368, 2N2369, A, 2N3227 


SWITCHING TIME EQUIVALENT TEST CIRCUITS FOR 2N2369, 2N3227 

FIGURE 1 — ton CIRCUIT — 10 mA FIGURE 3 — toff CIRCUIT — 10 mA 



FIGURE 2 — ton CIRCUIT ~ 100 mA FIGURE 4 — toff CIRCUIT — 100 mA 



* Total shunt capacitance of test jig and connectors. 


FIGURE 5 — TURN-ON AND TURN-OFF TIME TEST CIRCUIT 

TURN-ON WAVEFORMS 



FIGURE 6 — JUNCTION CAPACITANCE VARIATIONS FIGURE 7 — TYPICAL SWITCHING TIMES 
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, MAXIMUM COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2N2368, 2N2369, A, 2N3227 



FIGURE 10 — TURN-OFF WAVE FORM 



FIGURE 11 — STORAGE TIME EQUIVALENT TEST CIRCUIT 



PULSE WIDTH (ti) = 300 nsec 
DUTY CYCLE = 2% 



0.02 0.05 0.1 0.2 0.5 1.0 2 5 10 20 

Ib, base current (mA) 
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, iMlUKAllUN VULIAUh (VOLTS) h„, MINIMUM DC CURRENT GAIN 


2N2368, 2N2369, A, 2N3227 



1 2 5 10 20 50 100 

lo COLLECTOR CURRENT (mA) 



1 2 5 10 20 50 100 


Ic, COLLECTOR CURRENT (mA) 



0 10 20 30 40 50 60 70 80 90 100 

Ic COLLECTOR CURRENT (mA) 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N2453 

1 

<M 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

50 

Vdc 

Collector-Base Voltage 

VCBO 

60 

80 

Vdc 

Emitter-Base Voltage 

vebo 

7.0 

Vdc 

Collector Current — Continuous 

'c 

50 

mAdc 


One Die 

Both Die 


Total Device Dissipation @ Ta = 25°C 

Pd 

200 

300 

mW 

Derate above 25'’C 


1.14 

1.71 

mW/X 

Total Device Dissipation @ Tc = 25°C 

Pd 

600 

1200 

mW 

Derate above 25°C 


3.43 

6.86 

mW/°C 

Operating and Storage Junction 

Tj» Tstg 

- 65 to + 200 

X 

Temperature Range 





2N2453, A 



Emitter 3 5 Emitter 


DUAL 

AMPLIFIER TRANSISTORS 

NPN SILICON 


Refer to 2N2920 for graphs. 


ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted.) 


Characteristic 


Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(l) 
dC = 10 mAdc, Ib = 0) 

2N2453 

2N2453A 

VCEOIsus) 

30 

50 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dC = 10 MAdc, Ie = 0) 

2N2453 


60 

— 



2N2453A 


80 



Emitter-Base Breakdown Voltage 


V(BR)EBO 

7.0 


Vdc 

(Ie = 0.1 MAdc, Ic = 0) 






Collector Cutoff Current 


'CBO 



MAdc 

(VcB = 50 Vdc, Ie = 0) 



— 

0.005 


(VcB = 50 Vdc, Ie = 0, Ta = 150X) 



— 

10 


Emitter Cutoff Current 


'ebo 

— 

0.002 

MAdc 

(Vbe = 5.0 Vdc, Ic = 0) 







ON CHARACTERISTICS 


DC Current Gain 
dC = 10 MAdc, VcE = 5.0 Vdc) 
dC = 10 MAdc, VcE = 5.0 Vdc, Ta = -55X) 
dC = 10 mAdc, Vqe = 5.0 Vdc) 
dC = 1.0 mAdc, VcE = 5.0 Vdc, Ta = -55X) 

hpE 

80 

40 

150 

75 

600 


Collector-Emitter Saturation Voltage 
dC = 5.0 mAdc, 1 b = 0.5 mAdc) 

VCE(sat) 

— 

1.0 

Vdc 

Base-Emitter Saturation Voltage 
dC = 5.0 mAdc, Ib = 0.5 mAdc) 

VBE(sat) 

— 

0.9 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 5.0 mAdc, Vqe = 10 Vdc, f = 30 MHz) 

fr 

60 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 140 kHz) 

Cobo 

— 

8.0 

pF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 140 kHz) 

Cibo 

— 

10 

pF 

Input Impedance 

dC = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

hie 

5.0 

— 

kohms 

Input Impedance 

dC = 1.0 mAdc, VcB = 5.0 Vdc, f = 1.0 kHz) 

hib 

20 

30 

Ohms 
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2N2453, A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Voltage Feedback Ratio 
dC = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

^re 

_ 

6.0 

X 10-4 

Voltage Feedback Ratio 
dC = 1.0 mAdc, VcB = 5.0 Vdc, f = 1.0 kHz) 

hrb 

_ 

5.0 

X 10-4 

Small-Signal Current Gain 
dC = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

hfe 

150 

600 

— 

Output Admittance 

dC = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

hoe 

5.0 

30 

/i,mhos 

Output Admittance 

dC = 1.0 mAdc, VcB = 5.0 Vdc, f = 1.0 kHz) 

hob 

1 



0.2 

/xmho 

Noise Figure 

dC = 10 /iAdc, VcE = 5.0 Vdc, Rs = 10 kO, f = 1.0 kHz) 

NF 



7.0 

dB 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(2) 

dC = 100 nAdc, VcE = 5.0 Vdc) 2N2453A 

dC = 1.0 mAdc, VcE = 5.0 Vdc) 

dC = 1.0 mAdc, VcE = 5.0 Vdc, Ta = -55°C to +125°C) 

hFEl/hFE2 

0.90 

0.90 

0.85 

1.0 

1.0 

1.0 


Base-Emitter Voltage Differential 

|Vbei-Vbe2I 



mVdc 

dC = 10/uAdc, VcE = 5.0 Vdc) 


— 

3.0 


dC = 1.0 mAdc, VcE = 5.0 Vdc) 


— 

5.0 


Base-Emitter Voltage Differential Gradient 

A(Vbei-VbE2) 



aV/°c 

dC = 10 /oAdc, VcE = 5.0 Vdc, Ta = -55°C to +125°C) 2N2453 

ATa 

— 

10 


2N2453A 


— 

5.0 



(1) Pulse Test: Pulse Width 300 ixs, Duty Cycle ^ 2.0%. 

(2) Lowest hpE reading Is taken as hpEI for this ratio. 
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For Specifications, See 2N2060 Data. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

0.36 

Watt 

Derate above 25°C 


2.06 

mW/X 

Total Device Dissipation @ Tq = 25°C 

pd 

1.2 

Watts 

Derate above 25°C 


6.9 


Operating and Storage Junction 

Tj' Tgtg 

-65 to +200 

°C 

Temperature Range 




2N2481 

JAN, JTX AVAILABLE 
CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 



SWITCHING TRANSISTOR 

IMPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 1 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dc = 30 mAdc, Ib = 0) 

V(BR)CEO 

15 

— 

Vdc 

Collector-Emitter Breakdown Voltage 

V{BR)CES 

30 

— 

Vdc 

dc = 1.0 ^Adc, Vbe = 0) 





Collector-Base Breakdown Voltage 

V(BR)CBO 

40 

_ 

Vdc 

dc = 10 /xAdc, Ie = 0) 





Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 100 fiAdc, Ic = 0) 





Collector Cutoff Current 

ICEX 



IxAdc 

(VcE = 20 Vdc, Vbe = 3.0 Vdc) 


— 

0.05 


(VcE = 20 Vdc, Vbe = 3.0 Vdc, Ta = 150°C) 


— 

15 


Emitter Cutoff Current 

'ebo 

— 

100 

nAdc 

(Veb = 4.0 Vdc, Ic = 0) 





Base Cutoff Current 

'bl 

_ 

50 

nAdc 

(VcE = 20 Vdc, Vbe = 3.0 Vdc) 





ON CHARACTERISTICS 

DC Current Gain 

hpE 



_ 

(Ic = 1.0 mAdc, VcE =1.0 Vdc) 


25 

— 


dc = lOmAdc, VcE = 1.0 Vdc) 


40 

120 


dc = lOmAdc, VcE = 1.0 Vdc, Ta = -55°C)(1) 


20 

— 


dc = 150 mAdc, VcE = 1-0 Vdc)(1) 


20 

— 


Collector-Emitter Saturation Voltage 

VCE(sat) 



Vdc 

dc = 10 mAdc, Ib = 1-0 mAdc) 


— 

0.25 


dc = 100 mAdc, Ib = 10 mAdc)(1) 


— 

0.40 


Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

(Ic = 10 mAdc, Ib = 1.0 mAdc) 


0.7 

0.82 


dc = 100 mAdc, Ib = 10 mAdc)(1) 


— 

1.25 



SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcb = 5.0 V, Ic = 0, f = 1.0 MHz) 

Cobo 

— 

5.0 

PF 

Input Capacitance 
(Veb = 0.5 V,f = 1.0 MHz) 

^ibo 

— 

7.0 

PF 

Small-Signal Current Gain 
(VcE = 10 V, Ic = 10 mA, f = 100 MHz) 

hfe 

3.0 

— 

— 

Real Part of Input Impedance 
dc = 10 mA, VcE = 10 V, f = 250 MHz) 

Re(hje) 

— 

60 

Ohms 
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2N2481 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


SWITCHING CHARACTERISTICS 


Storage Time 

dc = 10 mA, Ibi = 10 mA, Ib 2 = 10 mA) 
Turn-On Time 

dc = 100 mA, Ibi = 10 mA, VBE(off) = 2.0 V) 
dc = 10 mA, Ibi = l.o mA, VBE(off) = 2.0 V) 
Turn-Off Time 

dc = 100 mA, Ibi = 10 mA, Ib 2 = 5.0 mA) 
dc = 10 mA, Ibi = 1.0 mA, Ib 2 = 0.5 mA) 

(1) Pulse Width 300 /xs, Duty Cycle ^ 2.0%. 



FIGURE 1 — COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 


lc=10mAc lc = 20mAdc 



Ib, BASE CURRENT (mA) 


FIGURE 2 — MINIMUM CURRENT GAIN CHARACTERISTICS 



Ic, COLLECTOR CURRENT (mA) 
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2N2481 


FIGURE 3 — LIMITS OF SATURATION VOLTAGES 




2.0 3.0 5.0 7.0 10 

Ic, COLLECTOR CURRENT (mA) 


50 70 100 200 


FIGURE 4 — TYPICAL TEMPERATURE COEFFICIENTS 

+ 1 - 0 1 1 r 1 1 1 1 1 1 j— 




^clorVcEiwt) 


- ^BforV|E(„t) - 


(25“Ctol25“C) 

(-55«Cto25“C) 


0 20 40 60 80 100 120 140 160 180 

b COLLECTOR CURRENT (mA) 


TYPICAL SWITCHING CHARACTERISTICS 


FIGURE 5 — TURN-ON TIME VARIATIONS WITH VOLTAGE 




-mniiSPiniil 


2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 

Ic, COLLECTOR CURRENT (mA) 


FIGURE 6 — RISE TIME BEHAVIOR 


1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

Ic, COLLECTOR CURRENT (mA) 


FIGURE 7 — STORAGE TIME BEHAVIOR 


FIGURE 8 — FALL TIME BEHAVIOR 
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CAPACITANCE (PF) 


2N2481 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

Vdc 

Collector Current — Continuous 

ic 

50 

mAdc 

Total Device Dissipation @ Ta = 25X 

Pd 

360 

mW 

Derate above 25°C 


2.06 

mW/X 

Total Device Dissipation @ Tc = 25°C 

Pd 

1.2 

Watts 

Derate above 25°C 


6.85 

mW/X 

Operating and Storage Junction 
Temperature Range 

^J' T’stg 

- 65 to + 200 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rwc 

146 

X/W 

Thermal Resistance, Junction to Ambient 

R^jaC) 

485 

x/w 

Lead Temperature 

1/16" from Case for 10 Seconds 

Tl 

300 

X 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 



Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 1 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) (1^ = 10 mAdc, Ig = 0) 

V(BR)CEO 

60 

— 

— 

Vdc 

Collector-Base Breakdown Voltage (Ic = 10 /xAdc, 1^ = 0) 

V{BR)CBO 

60 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ig = 10 ^Adc, Iq = 0) 

V(BR)EBO 

6.0 


— 

Vdc 

Collector Cutoff Current (VcB = 45 Vdc, Ie = 0) 

'CBO 

— 


10 

nAdc 

(VcB = 45 Vdc, Ie = 0, Ta = 150X) 


— 

— 

10 

AAdc 

Emitter Cutoff Current (Vbe = 5.0 Vdc, \q = 0) 

Iebo 

— 

— 

10 

nAdc 

ON CHARACTERISTICS 

DC Current Gain dc = 1.0 /xAdc, Vqe = 5.0 Vdc) 

hpE 

30 

190 

— 

— 

dc = 10 fiAdc, VcE = 5.0 Vdc) 


100 

250 

500 


dc = 10 AAdc, VcE = 5.0 Vdc, Ta = 55X) 


20 

40 

— 


dc = 100 AAdc, VcE = 5.0 Vdc) 


175 

275 

— 


dc = 500 /u,Adc, VcE = 5.0 Vdc) 


200 

300 

— 


dc = 1.0 mAdc, VcE = 5.0 Vdc) 


250 

350 

— 


dc = 10 mAdc, VcE = 5.0 Vdc)(1) 


— 

400 

800 


Collector-Emitter Saturation Voltage dc 1-0 mAdc, Ib = 0.1 mAdc) 

VCE(sat) 

— 

0.25 

0.35 

Vdc 

Base-Emitter On Voltage (Ic = 0.1 mAdc, Vce = 5.0 Vdc) 

VBE(on) 

0.5 

0.65 

0.7 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (Ic = 0.05 mAdc, Vce = 5.0 Vdc, f = 

fT 

15 

50 

_ 

MHz 

5.0 MHz) 

dc = 0.5 mAdc, Vce = 5.0 Vdc, f = 30 
MHz) 


60 

100 



Output Capacitance (Vcb = 5.0 Vdc, Ie = 0, f = 140 kHz) 

Cobo 

— 

3.0 

6.0 

PF 

Input Capacitance (Vbe = 0-5 Vdc, Ic = 0, f = 140 kHz) 

Cibo 

— 

4.0 

6.0 

PF 

Input Impedance (Ic = 1.0 mAdc, Vce = 5.0 Vdc, t= 1.0 kHz) 

hie 

3.5 

— 

24 

ka 

Voltage Feedback Ratio (Ic = 1.0 mAdc, Vce ^^-0 Vdc, f = 1.0 kHz) 

hre 

— 

— 

800 

X 10-6 

Small-Signal Current Gain (Ic = 1.0 mAd^^/VcE = 5.0 Vdc, f = 1.0 kHz 

hfe 

150 

— 

900 

— 

Output Admittance (Ic = 1.0 mAdc, Vc^ = 5.0 Vdc, f = 1.0 kHz) 

hoe 

— 

— 

40 

/xmhos 

Noise Figure (Ic = 10 fiAdc, VcE-^ 5.0 Vdc, Rs = 10 kft, 
f = 100 Hz, BW 20 Hz) 

NF 


8.0 

10 

dB 

dc = 10 AAdc, Vce = 5.0 Vdc, Rs = 10 ka, 
f = 1.0 kHz, BW = 200 Hz) 


_ 


3.0 


dc = 10 AAdc, Vce = 5.0 Vdc, Rs = 10 kO, 
f = 10 kHz, BW = 2.0 kHz) 


_ 

_ 

2.0 


dc = 10 fiAdc, Vce = 5.0 Vdc, Rs = 10 ka, 
f = 10 Hz to 15.7 kHz, BW = 15.7 kHz) 


— 

— 

3.0 



(1 ) R^ja is measured with the device soldered into a typical printed circuit board. 

(2) Pulse Test: Pulse Width ^ 300 ixs, Duty Cycle 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

20 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

vebo 

6.0 

Vdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

0.36 

Watt 

Derate above 25°C 


2.1 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.2 

Watts 

Derate above 25°C 


6.9 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj/ Tgtg 

-65 to + 200 

X 


2N2501 

CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 



SWITCHING TRANSISTOR 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 1 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(IC = 30 mAdc, Ib = 0, Pulsed) 

V(BR)CEO 

20 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

40 

_ 

Vdc 

(Ic = 10 fiAdc, Ie = 0) 





Emitter-Base Breakdown Voltage ] 

V(BR)EBO 

6.0 

— 

Vdc 

(Ie = 10 |xAdc, Ic = 0) j 





Collector Cutoff Current i 

'CEX 

— 

25 

nAdc 

(VcE = 20 Vdc, Vbe = 3.0 Vdc) , 





Base Cutoff Current 

Ibl 



nAdc 

(VcE = 20 Vdc, Vbe = 3.0 Vdc) 


— 

0.025 


(Vce = 20 Vdc, Vbe = 3.0 Vdc, Ta = 150X) 


— 

50 


ON CHARACTERISTICS 

DC Current Gain ' 

hpE 



_ 

dc = 100 ixAdc, Vce = 10 Vdc) 


20 

— 


dC = 1.0 mAdc, Vce = 1-0 Vdc) 


30 

— 


dc = 10 mAdc, Vce = 10 Vdc) 


50 

150 


dc = 10 mAdc, Vce = 10 Vdc, Ta = -55X) 


20 

— 


(Ic = 50 mAdc, Vce = 1-0 Vdc) 


40 

— 


dc = 100 mAdc, Vce = 1-0 Vdc) 


30 

— 


dc = 500 mAdc, Vce = 5.0 Vdc) 


10 

— 


Collector-Emitter Saturation Voltage(l) 

VcE(sat) 


— 

Vdc 

dc = 10 mAdc, Ib = 1.0 mAdc) 


— 

0.2 


dc = 50 mAdc, Ib = 5.0 mAdc) 


— 

0.3 


(Ic = 100 mAdc, Ib = 10 mAdc) 


— 

0.4 


Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

dc = 10 mAdc, Ib = 1.0 mAdc) 


— 

0.85 


dc = 50 mAdc, Ib = 5.0 mAdc) 


— 

1.0 


dc = 100 mAdc, Ib = 10 mAdc) 


— 

1.2 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Vce = 20 Vdc, Ic = 10 mAdc, f = 100 MHz) 

fT 

350 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

^obo 


4.0 

PF 

Input Capacitance 

(Veb = 0.5 Vdc, Ic = 0, f = 100 kHz) 

o 

J2 

6 

— 

7.0 

PF 

Small-Signal Current Gain 
(Vce = 20 Vdc, Ic = 10 mAdc, f = 100 MHz) 

hfe 

3.5 

1 

1 

— 
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2N2501 


ELECTRICAL CHARACTERISTICS (continued) {Tj\ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Max | Unit 


SWITCHING CHARACTERISTICS 


Charge Storage Time Constant 
dC = IbI = 182 = 10 mAdc) 

TS 

— 

15 

ns 

Total Control Charge 
(Ic = 10 mAdc, Ib = 1-0 mAdc) 

Qt 

— 

60 

pC 

Active Region Time Constant 
dC = 10 mAdc) 

'TA 

— 

2.5 

ns 


(1) Pulse Test: Pulse Width ^ 300 |xs, Duty Cycle 2.0%. 


3 



0.01 0.1 1 10 100 

U, BASE CURRENT (mAdc) 


FIGURE 2 — BASE-EMITTER VOLTAGE 
versus COLLECTOR CURRENT 



Ic. COLLECTOR CURRENT (mAdc) 


FIGURE 3 — TEMPERATURE COEFFICIENTS 
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, ACTIVE REGION TIME CONSTANT (ns) 
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2N2605 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VcEO 

45 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

6 

Vdc 

Collector Current — Continuous 

ic 

30 

mA 

Total Device Dissipation @ Ta = 25°C 

Pd 

400 

mW 

Derate above 25°C 


2.28 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-65 to +200 

i 

X 


JAN, JTX AVAILABLE 
CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 



AMPLIFIER TRANSISTOR 

PNP SILICON 


Refer to 2N3798 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) Ic = 10 mA (Pulse) 

V(BR)CEO 

45 

— 

Vdc 

Collector-Base Breakdown Voltage dc = 10 fxA) 

V(BR)CBO 

60 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ig = 10 jxA) 

V(BR)EBO 

6 

— 

Vdc 

Collector Cutoff Current (VcB = 45 V) 

ICBO 

— 

10 

nA 

Base-Emitter Short Circuit Current (Vqe = 45 V) 

Ices 

— 

10 

nA 

(VcE = 45 V, Ta = 170°C) 


— 

10 

fxA 

Emitter Cutoff Current (Vbe = 5.0 V) 

1 

Iebo 

- 

2 

nA 


ON CHARACTERISTICS 


DC Current Gain(1) (VcE = 5.0 V, Ic = 10 fiA) 

hpE 

100 

300 

— 

(VcE = 5.0 V, Ic = 500 aA) 


150 

— 

— 

(VcE = 5.0 V, Ic = 10 mA) 


— 

600 

— 

(VcE ^ 5.0 V, Ic = 10 tiA, Ta = -55X) 


20 

— 

— 

Collector-Emitter Saturation Voltage (Ic = 10 mA, Ib = 500 fiA) 

VCE(sat) 

— 

0.5 

Vdc 

Base-Emitter Saturation Voltage (Ic = 10 mA, Ib = 500 ixA) 

VBE(sat) 

0.7 

0.9 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance (Vcb = 5.0 V, Ip = 0, f = 1.0 MHz) 

Co bo 

_ 

6 

PF 

Input Impedance (Vce = 5.0 V, Ic = 1.0 mA, f = 100 MHz) 

hie 

— 

200 

a 

Input Impedance (Vcb = 5.0 V, Ip = 1.0 mA, f = 1.0 kHz) 

hib 

25 

35 

a 

Voltage Feedback Ratio (Vcb = 5.0 V, Ip = 1.0 mA, f = 1.0 kHz) 

hrb 

— 

10 

10-4 

Small-Signal Current Gain (Vcb = 5.0 V, Ip = 1.0 mA, f = 1.0 kHz) 

hfe 

150 

600 

_ 

(Vcb = 5.0 V, Ic = 500 /xA, f = 30 MHz) 


1.0 

— 

— 

Output Admittance (Vcb = 5.0 V, Ie = 1.0 mA, f = 1.0 kHz) 

hob 

— 

1 

fimho 

Noise Figure(2) (Vcb = 5.0 V, Ic = 10 /xA, Rg = 10 k O, BW = 15.7 kHz) 

NF 

— 

3 

dB 


(1) Pulse Width 300 fxs, Duty Cycle ^ 2.0%. 

(2) Measured in amplifier with response down 3 dB at 10 Hz. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

Vdc 

Collector-Base Voltage 

VCBO 

45 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

30 

mAdc 


One Die 

Both Die 


Total Device Dissipation @ Ta = 25°C 

Pd 

300 

600 

mW 

Derate above 25°C 


1.72 

3.43 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

pd 

600 

1200 

mW 

Derate above 25°C 


3.43 

6.87 

mW/°C 

Operating and Storage Junction 

Tj» Tstg 

-65 to -i-200 

°C 

Temperature Range 





2N2639 

thru 

2N2644 

CASE 654-07, STYLE 1 

Collector 1 7 Collector 



Emitter 3 5 Emitter 


DUAL 

AMPLIFIER TRANSISTORS 

NPN SILICON 

Refer to 2N2913 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Mhi [ Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltaged) 
dC = 10 mAdc, Ib = 0) 

VcEO(sus) 

45 

— 

Vdc 

Collector Cutoff Current 
(VcE = 5.0 Vdc, Ib = 0) 

ICEO 

— 

0.010 

/LtAdc 

Collector Cutoff Current 
(VcB = 45 Vdc, Ie = 0) 

(VcB = 45 Vdc, Ie = 0, Ta = + 150°C) 

ICBO 

- 

0.010 

10 

jU-Adc 

Emitter Cutoff Current 1 

(Veb = 5.0 Vdc, Ic = 0) 1 

Iebo 

— 

0.010 

1 

IxAdc 


ON CHARACTERISTICS! 1) 


DC Current Gain 


hpE 



_ 

dC = 10 AtAdc, VcE = 5.0 Vdc) 

2N2639, 2N2640, 2N2641 


50 

300 



2N2642, 2N2643, 2N2644 


100 

300 


dC = 10 AAdc, VcE 5.0 Vdc, Ta = -55°C) 

2N2639, 2N2640, 2N2641 


10 

_ 



2N2642, 2N2643, 2N2644 


20 

— 


dC = 100 AAdc, VcE = 5.0 Vdc) 

2N2639, 2N2640, 2N2641 


55 





2N2642, 2N2643, 2N2644 


110 

— 


dC = 1.0 mAdc, VcE = 5.0 Vdc) 

2N2639, 2N2640, 2N2641 


65 




2N2642, 2N2643, 2N2644 


130 

— 


Collector-Emitter Saturation Voltage 


VCE(sat) 

— 

1.0 

Vdc 

(Ic = 10 mAdc, Ib = 0.5 mAdc) 





Base-Emitter Saturation Voltage 


VBE(sat) 

1 

0.6 

1.0 

Vdc 

dC = 10 mAdc, Ib = 0.5 mAdc) 






SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 1.0 mAdc, VcE = 5.0 Vdc, f = 20 MHz) 

fT 

40 

— 

MHz 

Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 

Cobo 

— 

8.0 

PF 

Input Impedance 

dC = 1 .0 mAdc, VcB = 5.0 Vdc, f = 1 .0 kHz, Ie = -1.0 mA) | 

hib 

25 

32 

ohms 

Voltage Feedback Ratio 

dC = 1.0 mAdc, VcB = 5.0 Vdc, f = 1.0 kHz, Ie = -1.0 mA) 

hrb 

1 

1 

600 

1 

X 10-6 
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2N2639 thru 2N2644 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Small-Signal Current Gain 

dC = 1.0 mAdc, VcB = 5.0 Vdc, f = 1.0 kHz) 2N2639, 2N2640, 2N2641 

2N2642, 2N2643, 2N2644 

hfe 

65 

130 

600 

600 

— 

Output Admittance 

dc = 1.0 mAdc, VcB = 5.0 Vdc, f = 1.0 kHz, Ie = -1.0 mA) 

^^ob 

— 

1.0 

/imhos 

Noise Figure 

dc = 10 fiAdc, VcB = 5.0 Vdc, 

Rs = 10 kO, Bandwidth = 10 Hz to 15 kHz) 

NF 


4.0 

dB 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(2) 
dc = 10 /tAdc, VcE = 5.0 Vdc) 

2N2639, 2N2642 

2N2640, 2N2643 

hFETI^FE2 

0.9 

0.8 

1.0 

1.0 

— 

Base-Emitter Voltage Differential 


|Vbei-Vbe21 



mVdc 

dc = 10 /iAdc, VcE = 5.0 Vdc) 

2N2639, 2N2642 . 


— 

5.0 



2N2640, 2N2643 


— 

10 


Base-Emitter Voltage Differential Gradient 


A(Vbei-VbE2) 



fivrc 

dc = 10 ixAdc, VcE = 5.0 Vdc, Ta = -55 to +125°C) 

2N2639, 2N2642 

ATa 

— 

10 



2N2640, 2N2643 


— 

20 



(1) Pulse Test: Pulse Width 300 /as. Duty Cycle 2.0%. 

(2) The lowest hpE reading is taken as hpEi for this test. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

Vdc 

Collector-Base Voltage 

VCBO 

100 

Vdc 

Emitter-Base Voltage 

vebo 

7.0 

Vdc 

Collector Current — Continuous 

'C 

500 

mAdc 


One Die 

Both Die 


Total Device Dissipation @ Ta = 25°C 

Pd 

0.3 

0.6 

Watt 

Derate above 25°C 


1.72 

3.43 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

pd 

1.0 

2.0 

Watts 

Derate above 25°C 


5.7 

11.4 

mW/°C 

Operating and Storage Junction 

Tjf Tgtg 

-65 to +200 

X 

Temperature Range 





2N2652, A 

CASE 654-07, STYLE 1 



Collector 1 7 Collector 



Emitter 3 5 Emitter 


DUAL 

AMPLIFIER TRANSISTORS 

NPN SILICON 


Refer to 2N2060,A for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min T Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) dc = 20 mAdc, Ib = 0) 

V{BR)CEO 

60 

— 

Vdc 

Collector-Base Breakdown Voltage dc = 100 /iAdc, Ie = 0) 

V(BR)CBO 

100 

— 

Vdc 

Emitter-Base Breakdown Voltage (1^ = 100 ^tAdc, Ic = 0) 

V(BR)EBO 

7.0 

— 

Vdc 

Collector Cutoff Current (VcB = 50 Vdc, Ie = 0) 


ICBO 

— 

0.010 

/LiAdc 

(VcB = 50 Vdc, Ie = 0, Ta = 150°C) 



— 

15 


Emitter Cutoff Current (Vbe = 5.0 Vdc, Iq = 0) 

2N2652 

'ebo 

- 

0.010 

fxAdc 


ON CHARACTERISTICS 


DC Current Gain (\q = 100 fj,Adc, VcE = 5.0 Vdc) 
dc = 1.0 mAdc, VcE = 5.0 Vdc) 
dc = 1.0 mAdc, VcE = 5.0 Vdc, Ta = -55°C) 

hpE 

35 

50 

15 

200 

— 

Collector-Emitter Saturation Voltage (Ic = 50 mAdc, Ib = 5.0 mAdc) 

VCE(sat) 


1.2 

Vdc 

Base-Emitter Saturation Voltage dc = 50 mAdc, Ib = 5.0 mAdc) 

VBE(sat) 

— 

0.9 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (Ic = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

fr 

60 


MHz 

Output Capacitance (VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Cobo 

— 

15 

PF 

Input Capacitance (Vbe = 0, 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

Cibo 

— 

85 

PF 

Input Impedance (Ic = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

hie 

1.0 

10.5 

kohms 

Input Impedance (Ic = 1.0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 

hib 

20 

35 

ohms 

Small-Signal Current Gain dc = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

hfe 

50 

300 

— 

Output Admittance (Ic = 10 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

hoe 

— 

50 

Amhos 

Noise Figure 

dc = 0.3 mAdc, VcE = 10 Vdc, Rs = 610 ohms, B. W. = 1.0 Hz, f = 1.0 kHz) 

NF 

— 

8.0 

dB 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(2) dc = 100 ^Adc, VcE = 5.0 Vdc) 2N2652 

dc = 1.0 mAdc, VcE = 5.0 Vdc) 2N2652 

hFEl/hFE2 

0.85 

0.85 

1.0 

1.0 

— 

Base-Emitter Voltage Differential (Ic = 100 ixAdc, VcE = 5.0 Vdc) 
dc = 1.0 mAdc, VcE = 5.0 Vdc) 

|Vbei-Vbe2I 

— 

3.0 

3.0 

mVdc 

Base-Emitter Voltage Differential Gradient 
dc = 100 /xAdc, VcE = 5.0 Vdc, Ta = -55 to + 125°C) 

A(Vbei-VbE2) 

ATa 

i 

10 

aV/°c 


(1) Pulse Test: Pulse Width 300 ixs, Duty Cycle 2.0%. 

(2) The lowest of the two hpE readings is taken as hpEl for the purpose of measurement. 
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2N2721 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

Vdc 

Collector-Base Voltage 

VCBO 

80 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

Vdc 

Collector Current — Continuous 

ic 

40 

mAdc 


One Die 

Both Die 


Total Device Dissipation @ Ta = 25°C 

pd 

0.3 

0.6 

Watt 

Derate above 25°C 


1.71 

3.4 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

0.6 

1.2 

Watt 

Derate above 25°C 


3.4 

6.8 

mW/°C 

Operating and Storage Junction 

Tj» Tgtg 

-65 to +200 

X 

Temperature Range 





CASE 654-07, STYLE 1 



Emitter 3 5 Emitter 


DUAL 

AMPLIFIER TRANSISTOR 

NPN SILICON 


Refer to 2N2060 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) (Iq = 10 mAdc, Ib = 0) 

V(BR)CEO 

60 

— 

Vdc 

Collector Cutoff Current (VcE = 5 0 Vdc, Ib = 0) 

'CEO 

— 

10 

nAdc 

Collector Cutoff Current (VcB = 60 Vdc, Ig = 0) 

ICBO 

— 

0.01 

jxAdc 

(VcB = 60 Vdc, Ie = 0, Ta = 150°C) 


— 

10 


Emitter Cutoff Current (Veb = 5.0 Vdc, Ic = 0) 

Iebo 

- 

10 

nAdc 


ON CHARACTERISTICS 


DC Current Gain (Iq =100 /nAdc, Vqe = 5.0 Vdc) 
dc = 1.0 mAdc, VcE = 5.0 Vdc) 
dC = 10 mAdc, VcE = 5.0 Vdc) 

hPE 

30 

35 

42 

120 

— 

Collector-Emitter Saturation Voltage dc = “10 mAdc, Ib = 1.0 mAdc) 

VcE(sat) 

— 

1.0 

Vdc 

Base-Emitter Saturation Voltage dc = 10 mAdc, Ib = 1.0 mAdc) 

VBE(sat) 

0.65 

0.85 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (Ic = 10 mAdc, VcE = 10 Vdc, f = 20 MHz) 

fT 

80 

_ 

MHz 

Output Capacitance (Vcb = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 

Cobo 

— 

6.0 

PF 

Input Impedance (Ie = 1.0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 

^ib 

25 

32 

ohms 

Voltage Feedback Ratio (Ie = 1.0 mAdc, Vcb == 5.0 Vdc, f = 1.0 kHz) 

hrb 

— 

500 

X 10-6 

Small-Signal Current Gain dc = 10 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

hfe 

30 

200 

— 

Output Admittance (Ie = 1.0 mAdc, VcB = 5.0 Vdc, f = 1.0 kHz) 

hob 

- 

1.0 

/nmhos 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(2) 
dc = 100 /nAdc, VcE = 5.0 Vdc) 

hFEl/hFE2 

0.8 

1.0 

— 

Base-Emitter Voltage Differential 
dc = 100 /nAdc, VcE = 5.0 Vdc) 

|Vbei-Vbe21 


10 

mVdc 

Base-Emitter Voltage Differential Change Due to Temperature 
dc = 100 /nAdc, VcE = 5.0 Vdc, Ta = -55 to +25°C) 

A(Vbe1-VbE2) 



1.6 

mV 

dc = 100 /nAdc, VcE = 5.0 Vdc, Ta = +25 to +125°C) 




2.0 



(1) Pulse Test: Pulse Width 300 /ns, Duty Cycle =« 2.0%. 

(2) The lower of the two hpg readings is taken as hpE-j for the purpose of measurement. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


3-56 




2N2722 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

Vdc 

Collector-Base Voltage 

VCBO 

45 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

40 

mAdc 


One Die 

Both Die 


Total Device Dissipation @ T/^ = 25°C 

Pd 

0.3 

0.6 

Watt 

Derate above 25°C 


1.7 

3.4 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

0.6 

1.2 

Watts 

Derate above 25°C 


3.4 

6.8 

mW/X 

Operating and Storage Junction 

Tjr Tgtg 

-65 to -t-200 

X 

Temperature Range 





CASE 654-07, STYLE 1 


Collector 1 7 Collector 



DUAL 

AMPLIFIER TRANSISTOR 

NPN SILICON 


Refer to 2N2920 for graphs. 


ELECTRICAL CHARACTERISTICS (T>\ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) (Ic = 10 mAdc, Ib = 0) 

V(BR)CEO 

45 

_ 

Vdc 

Collector-Base Breakdown Voltage dc = 10 /u,Adc, Ip = 0) 

V(BR)CBO 

45 

— 

Vdc 

Collector Cutoff Current (Vqe = 5.0 Vdc, Ib = 0) 

ICEO 

— 

2.0 

nAdc 

Collector Cutoff Current (Vqb = 30 Vdc, Ip = 0) 

ICBO 

— 

0.001 

lxA6c 

(VcB = 30 Vdc, Ie = 0, Ta = 150X) 


— 

1.0 


Emitter Cutoff Current (VpB = 5.0 Vdc, Ic = 0) 

>EBO 

— 

1.0 

nAdc 


ON CHARACTERISTICS 


DC Current Gain dc = 1.0 /xAdc, VcE = 5.0 Vdc) 
dc = 10 AAdc, VcE = 5.0 Vdc) 
dc = 0.1 mAdc, VcE = 5.0 Vdc) 

hpE 

50 

100 

125 

250 

— 

Collector-Emitter Saturation Voltage dc = 10 mAdc, Ib = 0.5 mAdc) 

VCE(sat) 

— 

1.0 

Vdc 

Base-Emitter Saturation Voltage dc = 10 mAdc, Ib = 0.5 mAdc) 

VBE(sat) 

0.65 

0.85 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product dc = 10 mAdc, VcE = 10 Vdc, f = 20 MHz) 

fr 

100 

— 

MHz 

Output Capacitance (VcB = 5.0 Vdc, Ip = 0, f = 1.0 MHz) 

Cobo 

— 

6.0 

PF 

Input Impedance (Ip = 1.0 mAdc, VcB = 5.0 Vdc, f = 1.0 kHz) 

l^ib 

25 

32 

ohms 

Voltage Feedback Ratio (Ip = 1.0 mAdc, VcB = 5.0 Vdc, f = 1.0 kHz) 

hrb 

— 

600 

X 10-6 

Small-Signal Current Gain (Ip = 0.1 mAdc, Vcp = 5.0 Vdc, f = 1.0 kHz) 

•^fe 

100 

700 

— 

Output Admittance (Ip = 1.0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 

hob 

— 

1.0 

jumhos 

Noise Figure dc = 10 fjtAdc, Vcp = 5.0 Vdc, Rs = 10 kO, f = 10 Hz to 15.7 kHz) 

NF 

— 

4.0 

dB 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(2) 
dc = 1.0/xAdc, Vcp = 5.0 Vdc) 

hFEl/hpp2 

0.9 

1.0 

- 

Base-Emitter Voltage Differential 

1Vbei-Vbe2I 

— 

5.0 

mVdc 

dc = 10 /xAdc, VcE = 5.0 Vdc) 





Base-Emitter Voltage Differential Change Due to Temperature 

A(Vbpi-VbP2) 



mVdc 

dc = 10 ixAdc, Vcp = 5.0 Vdc, Ta = -55 to +25X) 


— 

0.8 


dc = 10 AAdc, Vcp = 5.0 Vdc, Ta = +25 to +125X) 


— i 

1.0 



(1) Pulse Test: Pulse Width ^ 300 ixs, Duty Cycle ^ 2.0%. 

(2) The lower of the two hpE readings is taken as hpEi for the purpose of measurement. 
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2N2723 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 
(Base 1 and Base 2 open) 

VCE20 

60 

Vdc 

Collector-Base Voltage 

VCBI 

80 

Vdc 

Emitter-Base Voltage 

VE2B1 

12 

Vdc 

Collector Current — Continuous 

'c 

40 

Adc 

Total Device Dissipation @ T/^ = 25°C 

Pd 

0.5 

Watt 

Derate above 25°C 


2.9 

mW/X 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.8 

Watts 

Derate above 25°C 


10.5 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj. Tstg 

- 65 to + 200 

X 


CASE 20-03, STYLE 8 
TO-72 (TO-206AF) 



DARLINGTON TRANSISTOR 

NPN SILICON 


Refer to 2N998 for graphs. 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max ] Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

(IC = 10 mAdc, Ibi = 0) 

V(BR)CE20 

60 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CB10 

80 

— 

Vdc 

dc = 10 iiAdc, Ie2 = 0) 





Emitter-Base Breakdown Voltage 

V(BR)E2B10 

12 

— 

V'dc 

(IE2 = 10 /xAdc, Ic = 0) 





Collector Cutoff Current 

'CBIO 



juAdc 

(VcBI = 60 Vdc, Ie = 0) 


— 

0.01 


(VcBI = 60 Vdc, Ie = 0, Ta = 150X) 


— 

10 


Emitter Cutoff Current 

IE2B10 

— 

10 

nAdc 

(VbiE2 = 10 Vdc, Ic = 0) 






ON CHARACTERISTICS 


DC Current Gain 

dc = 10 mAdc, VcE2 = 5.0 Vdc, Ib2 = 0) 

hpE 

2000 

10,000 

— 

Collector-Emitter Saturation Voltage 
dc = 10 mAdc, Ibi = 1.0 mAdc) 

VcE2(sat) 

— 

1.0 

Vdc 

Base-Emitter Saturation Voltage 
dc = 10 mAdc, Ibi = 1.0 mAdc) 

VBE2{sat) 

— 

1.7 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 

(VcBI = 10 Vdc, Ie 2 = 0, f = 140 kHz) 

Cobio 

— 

10 

pF 

Small-Signal Current Gain 
dc = 10 mAdc, VcE2 = 5.0 Vdc, f = 1.0 kHz) 

hfe 

1500 

15,000 

— 

Current Gain — Bandwidth Product (Each Unit) 
dc = 10 mAdc, VcEl or VcE2 = 10 Vdc, f = 20 MHz) 

|hfel 

5.0 

— 

— 

Noise Figure (Input Stage Only) 

dc = 50 fiAdc, VcE = 5.0 Vdc, Rs = 3.0 kohms, f = 1.0 kHz, BW = 100 Hz) 

NF 

— 

10 

dB 


(1) Pulse Test: Pulse Width 12 ms. Duty Cycle < 2.0%. 
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2N2785 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCE20 

40 

Vdc 

(Base 1 and Base 2 open) 




Collector-Base Voltage 

VcBIO 

60 

Vdc 

Emitter-Base Voltage 

VE2B10 

15 

Vdc 

(Pin 4 to Pin 2) 


7.5 


Collector Current — Continuous 

ic 

200 

mAdc 

Total Device Dissipation Ta = 25^ 

Pd 

0.5 

Watt 

Derate above 25°C 


2.9 

mwrc 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.8 

Watts 

Derate above 25°C 


10.5 

mW/X 

Operating and Storage Junction 

Tjr Tstg 

-65 to +200 

X 

Temperature Range 




CASE 20-03, STYLE 8 
TO-72 (TO-206AF) 



DARLINGTON TRANSISTOR 


NPN SILICON 


Refer to 2N998 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

{\q = 20 mAdc, |0t = 0) 

V(BR)CE020 

40 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CB010 

60 

— 

Vdc 

dC = 100 fiAdc, (e2 = 0) 





Emitter-Base Breakdown Voltage 

V(BR)E2B010 

15 

~ 

Vdc 

(IE2 =100 fxAdc, Ic = 0) 





Collector Cutoff Current 

ICEO 

_ 

500 

nAdc 

(VcE = 20 Vdc, Ib = 0) 





Collector Cutoff Current 

ICBO 



IxAdc 

(VcBI = 30 Vdc, lE = 0) 


__ 

0.05 


(VCBI = 30 Vdc, Ie = 0, Ta = 150X) 


— 

10 


Emitter Cutoff Current 

•ebo 

_ 

20 

nAdc 

(Ve2B1 = 5.0 Vdc, Ic = 0) 






ON CHARACTERISTICS 


DC Current Gain(1) 
dC = 1.0 mAdc, VcE2 = 4.0 Vdc) 
dC = 10 mAdc, VcE2 = 5.0 Vdc) 
dC = 100 mAdc, VcE2 = 5.0 Vdc) 

hpE 

600 

1200 

2000 

20,000 


Collector-Emitter Saturation Voltage 
dC = 15 mAdc, Ibi = 3.0 mAdc) 

VcE(sat) 

~ 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 

(VcBI = 10 Vdc, Ie 2 = 0, f = 1.0 MHz) 

Cobio 

— 

30 

PF 

Input Impedance 

dC = 1.0 mAdc, VcBI = 5.0 Vdc, f = 1.0 kHz) 

hib 

30 

80 

Ohms 

Voltage Feedback Ratio 
dC = 1.0 mAdc, VcE2 = 5.0 Vdc, f = 1.0 kHz) 

^rb 

— 

10 

X 10-4 

Small-Signal Current Gain 
dC = 1.0 mAdc, VcE2 = 5.0 Vdc, f = 1.0 kHz) 

hfe 

600 

— 

— 

Current Gain — High Frequency 
dC = 1.0 mAdc, VcE2 = 5.0 Vdc, f = 10 MHz) 

|l^fel 

1.0 

— 

— 

Output Admittance 

dC = 1.0 mAdc, VcBI = 5.0 Vdc, f = 1.0 kHz) 

hob 

— 

0.5 

Amhos 


(1) Pulse Test: Pulse Width 300 iJis, Duty Cycle 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

35 

Vdc 

Collector-Base Voltage 

VCBO 

50 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

800 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

0.8 

Watt 

Derate above 25°C 


4.57 

mWrC 

Total Device Dissipation @ Tc = 25°C 

Pd 

3.0 

Watts 

Derate above 25°C 


17.14 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tjf Tgtg 

- 65 to + 200 

°C 


2N2800 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 



2^1 


SWITCHING TRANSISTOR 

PNP SILICON 

Refer to 2N2904 for graphs. 


ELECTRICAL CHARACTERISTICS {Tj\ = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dC = 100 mAdc, Ib = 0) 

VCEO(sus) 

35 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

50 

— 

Vdc 

(Ic = 10 fiAdc, Ie = 0) 





Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 100 /xAdc, Ic = 0) 





Collector Cutoff Current 

ICEX 

— 

100 

nAdc 

(VcE = 25 Vdc, Vbe = 0.5 Vdc Off) 





Base Cutoff Current 

Ibl 

— 

100 

nAdc 

(VcE = 25 Vdc, Vbe = 0.5 Vdc Off) 





ON CHARACTERISTICS 

DC Current Gain 

hPE 



— 

dC = 0.1 mAdc, VcE = 10 Vdc) 


20 

— 


(Ic = 150 mAdc, VcE = 10 Vdc)( 1 ) 


30 

90 


dC = 150 mAdc, Vce = 10 Vdc)(1) 


15 

— 


dC = 500 mAdc, Vce = 10 Vdc)(1) 


25 

— 


Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

(Ic = 150 mAdc, Ib = 15 mAdc) 


— 

0.4 


(Ic = 500 mAdc, Ib = 50 mAdc) 


— 

1.2 


Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

dC = 150 mAdc, Ib = 15 mAdc) 


— 

1.3 


(Ic = 500 mAdc, Ib = 50 mAdc) 


— 

1.8 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, Vce = 10 Vdc, f = 100 MHz) 

fr 

120 

— 

MHz 

Output Capacitance 
(VCB = 10 Vdc, f = 100 kHz) 

Cobo 

— 

25 

PF 


SWITCHING CHARACTERISTICS 


Delay Time 

Ic = 150 mA, Ib = 15 mA, 

VBE(off) = +0.5 V 

td 

9 

25 

ns 

Rise Time 

tr 

25 

45 

Storage Time 

Ic = 150 mA, Ibi = -15 mA, 

IB2 = +15 mA 

^s 

100 

225 

ns 

Fall Time 

tf 

30 

45 


(1) Pulse Test: Pulse Width 300 /xs, Duty Cycle 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage! 1) 

VCEO 

12 

Vdc 

Collector-Base Voltage 

VCBO 

12 

Vdc 

Emitter-Base Voltage 

Vebo 

4.0 

Vdc 

Collector Current — Continuous 

ic 

200 

mAdc 

Total Device Dissipation @ Ta = 25°C 

pd 

360 

mW 

Derate above 25°C 


2.06 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

1200 

mW 

Derate above 25°C 


6.85 

mwrc 

Operating and Storage Junction 
Temperature Range 

Tj/ Tgtg 

— 65 to + 200 

°C 


2N2894 

CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 





SWITCHING TRANSISTOR 

PNP SILICON 

Refer to 2N869A for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (Ic = 10 /uAdc, Vbe = 0) 

V(BR)CES 

12 

— 

Vdc 

Collector-Emitter Sustaining Voltage(2) (\q = 10 mAdc, Ib = 0) 

VcEO(sus) 

12 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 10 /itAdc, Ie = 0) 

V(BR)CBO 

12 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 100 fxAdc, Iq = 0) 

V(BR)EBO 

4.0 

— 

Vdc 

Collector Cutoff Current (VcB = 6.0 Vdc, Ie = 0, Ta = 125°C) 

ICBO 

— 

10 

IxAdc 

Collector Cutoff Current (Vqe = 6.0 Vdc, Vbe = 0) 

'CES 

— 

80 

nAdc 

Base Current (Vqe = 6.0 Vdc, Vbe = 6) i 

•b 

— 

80 

nAdc 

ON CHARACTERISTICS 

DC Current Gain(2) 

hpE 



— 

dC = 10 mAdc, VcE = 0.3 Vdc) 


30 

— 


dC = 30 mAdc, VcE = 0.5 Vdc) 


40 

150 


dC = 30 mAdc, VcE = 0.5 Vdc, Ta = -55°C) 


17 

— 


dC = 100 mAdc, VcE = 10 Vdc)(2) 


25 

— 


Collector-Emitter Saturation Voltage(2) 

VCE(sat) 



Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 


— 

0.15 


(Ic = 30 mAdc, Ib = 3.0 mAdc) 


— 

0.2 


(Ic = 100 mAdc, Ib = 10 mAdc) 


— 

0.5 


Base-Emitter Saturation Voltage(2) 

VBE(sat) 



Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 


0.78 

0.98 


(Ic = 30 mAdc, Ib = 3.0 mAdc) 


0.85 

1.2 


dC = 100 mAdc, Ib = 10 mAdc) 


— 

1.7 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 30 mAdc, VcE = 10 Vdc, f = 100 MHz) 

fT 

400 

— 

MHz 

Output Capacitance 
(VcB = 5-0 Vdc, Ie = 0, f = 140 kHz) 

^obo 

— 

6.0 

PF 

Input Capacitance 

(Vbe = -0.5 Vdc, Ic = 0, f = 140 kHz) 

Cibo 

— 

6.0 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 2.0 Vdc, Vbe = 3.0 Vdc, Ic = 30 mAdc, Ibi = 1.5 mAdc) 

fon 

— 

60 

ns 

Turn-Off Time 

(Vcc = 2.0 Vdc, Ic = 30 mAdc, Ibi = Ib 2 = 1-6 mAdc) 

toff 

— 

90 

ns 


(1) Applicable from 0.01 to 10 mAdc. 

(2) Pulse Test: Pulse Width = 300 /xs, Duty Cycle 2.0%. 
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3-61 




MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

(Ic = 100 mAdc, Rbe = 10 ohms) 

2N2895 

2N2896 

2N2897 

V(BR)CES 

80 

140 

60 

- 

Vdc 

Collector-Emitter Sustaining Voltage(l) 


VCEO(sus) 



Vdc 

dC = 100 mAdc, Ib = 0) 

2N2895 


65 

— 



2N2896 


90 

_ 



2N2897 


45 

— 


Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

(IC = 0.1 mAdc, Ig = 0) 

2N2895 


120 

— 



2N2896 


140 

_ 



2N2897 


60 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

7.0 

— 

Vdc 

(Ie = 0.1 mAdc, Ic = 0) 






Collector Cutoff Current 


ICBO 



IxAdc 

(VcB = 60 Vdc, Ic = 0) 

2N2895 


— 

0.002 



2N2896 


— 

0.01 



2N2897 


— 

0.05 


(VcB = 60 Vdc, Ie = 0, Ta = +150°C) 

2N2895 


_ 

2.0 



2N2897 


— 

50 


(VcB = 90 Vdc, Ie = 0) 

2N2896 




0.01 


(VcB = 90 Vdc, Ie = 0, Ta = +150°C) 

2N2896 


— 

10 


Emitter Cutoff Current 


'ebo 



IxAdc 

(Vbe = 5.0 Vdc, Ic = 0) 

2N2895 


— 

0.005 



2N2896 


— 

0.01 



2N2897 


— 

0.05 



ON CHARACTERISTICS 


DC Current Gain 


hPE 



— 

dC = 10 AAdc, VcE = 10 Vdc) 

2N2895 


10 

_ 


dC = 100 AiAdc, VcE = 10 Vdc) 

2N2895 


20 



dC = 1.0 mAdc, VcE = 10 Vdc) 

2N2896, 2N2897 


35 

— 


dC = 10 mAdc, VcE = 10 Vdc) 

2N2895 


35 

_ 


dC = 10 mAdc, VcE = 10 Vdc, Ta = -55X) 

2N2895, 2N2896 


20 

— 


dC = 150 mAdc, VcE = 10 Vdc)(1) 

2N2895 


40 

120 



2N2896 


60 

200 



2N2897 


50 

200 


dC = 500 mAdc, VcE = 10 Vdc)(1) 

2N2895 


25 

— 



Rating 

Symbol 

2N2895 

2N2896 

2N2897 

Unit 

Collector-Emitter Voltage 

VCEO 

65 

90 

45 

Vdc 

Collector-Emitter Voltage 

VCER 

80 

140 

60 

Vdc 

Collector-Base Voltage 

VCBO 

120 

140 

60 

Vdc 

Emitter-Base Voltage 

vebo 

7.0 

Vdc 

Collector Current — Continuous 

Ic 

1.0 

Adc 

Total Device Dissipation 
@ Ta = 25X 

Derate above 25°C 

Pd 

0.5 

2.86 

Watt 

mW/X 

Total Device Dissipation 
@ Tc = 25°C 

Derate above 25°C 

pd 

1.8 

10.3 

Watts 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

— 65 to + 200 

X 



MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 







2N2895 thru 2N2897 


ELECTRICAL CHARACTERISTICS (continued) (T^ = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

Collector-Emitter Saturation Voltage{1) 


VCE(sat) 



Vdc 

dC = 150 mAdc, Ib = 15 mAdc) 

2N2895, 2N2896 

— 

0.6 


2N2897 


— 

1.0 


Base-Emitter Saturation Voltage(l) 


VBE(sat) 



Vdc 

dC = 150 mAdc, Ib = 15 mAdc) 

2N2895, 2N2896 


— 

1.2 



2N2897 


— 

1.3 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

dC = 50 mAdc, Vqe = 10 Vdc, f = 20 MHz) 2N2895, 2N2896 

2N2897 

fT 

120 

100 

- 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

^obo 

— 

15 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 

Cibo 

— 

80 

pF 

Small-Signal Current Gain 

dC = 5.0 mAdc, Vqe = 5.0 Vdc, f = 1.0 kHz) 2N2895 

2N2896, 2N2897 

hfe 

50 

50 

200 

275 


Noise Figure 

dC = 0.3 mAdc, Vqe = 10 Vdc, Rs = 500 ohms, 2N2895 

f = 1.0 kHz, BW = 15 kHz) 

NF 


8.0 

dB 


(1) Pulse Test; Pulse Width 300 /xs, Duty Cycle 1.8%. 
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2N2903 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

7.0 

Vdc 

Collector Current — Continuous 

•c 

50 

mAdc 


One Die 

Both Die 


Total Device Dissipation @ Ta = 25°C 
Derate above 25'’C 

Pd 

200 

1.14 

300 

1.71 

mW 

mW/°C 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

pd 

0.6 

3.43 

1.2 

6.86 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj/ Tstg 

-65 to +200 

oc 


CASE 654-07, STYLE 1 


Collector 1 7 Collector 



DUAL 

AMPLIFIER TRANSISTOR 

NPN SILICON 


Refer to 2N2920 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min 1 Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(l) (\q = 10 mAdc, Ib = 0) 

VcEO(sus) 

30 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 10 /u,Adc, Ig = 0) 

V(BR)CBO 

60 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ig = 0.1 yaAdc, Ic = 0) 

V(BR)EBO 

7.0 

— 

Vdc 

Collector Cutoff Current (Vqb = 50 Vdc, Ie = 0) 

ICBO 

— 

0.01 

/LtAdc 

(VcB = 50 Vdc, Ie = 0, Ta = 150°C) 


— 

15 


Emitter Cutoff Current (Vbe = 5.0 Vdc, Iq = 0) 

•ebo 

— 

0.01 

/iAdc 


ON CHARACTERISTICS 


DC Current Gain (Iq = 10 /u,Adc, Vqe = 5.0 Vdc) 

dC = 10 yaAdc, VcE = 5.0 Vdc, Ta = -55°C) 

dC = 1.0 mAdc, VcE = 5.0 Vdc) 

dC = 1.0 mAdc, VcE = 5.0 Vdc, Ta = -55°C) 

hPE 

60 

25 

125 

60 

625 


Collector-Emitter Saturation Voltage (Ic = 5.0 mAdc, Ib = 0.5 mAdc) 

VcE(sat) 

— 

1.0 

Vdc 

Base-Emitter Saturation Voltage dc = 5.0 mAdc, Ib = 0.5 mAdc) 

VBE(sat) 

- 

0.9 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (Iq = 5.0 mAdc, VcE = 10 Vdc, f = 30 MHz) 

fT 

60 

— 

MHz 

Output Capacitance (Vqb = 10 Vdc, Ie = 0, f = 140 kHz) 

Cobo 

— 

8.0 

PF 

Input Capacitance (Vbe = 0.5 Vdc, Iq = 0, f = 140 kHz) 

o 

6 

— 

10 

PF 

Input Impedance (Ic = 1.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 

hie 

1.0 

— 

kohm 

Input Impedance dc = 1.0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 

hib 

20 

30 

ohms 

Voltage Feedback Ratio dc = 10 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

hre 

_ 

6.0 

X 10-4 

Voltage Feedback Ratio dc = 10 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 

hrb 

— 

5.0 

X 10-4 

Small-Signal Current Gain dc = 1.0 mAdc, Vce = 5.0 Vdc, f = 1.0 kHz) 

hfe 

150 

600 

— 

Output Admittance dc = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

hoe 

5.0 

30 

Amhos 

Output Admittance dc = 1.0 mAdc, Vcb = 5.0 Vdc, f = 1.0 kHz) 

hob 

— 

0.2 

Amho 

Noise Figure dc = 10 fiAdc, VcE = 5.0 Vdc, Rs = 10 kohms, f = 1.0 kHz) 

NF 

- 

7.0 

dB 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(2) (Ic = 10 mAdc, Vce = 5.0 Vdc) 

hFEl/hFE2 

0.8 

1.0 

— 

Base-Emitter Voltage Differential (Ic = 10 /u-Adc, Vce = 5.0 Vdc) 

|Vbei-VbE2I 

— 

10 

mVdc 

Base-Emitter Voltage Differential Gradient 
dC = 10 /xAdc, Vce = 5.0 Vdc, Ta = -55Xto +125X) 

A(Vbei-VbE2) 

ATa 

— 

20 

aV/°c 


(1) Pulse Test; Pulse Width 300 ixs, Duty Cycle 2.0%. 

(2) Lowest hpE reading is taken as hpEl for this ratio. 
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PNP SILICON ANNULAR HERMETIC TRANSISTORS 

. . . designed for high-speed switching circuits, DC to VHF amplifier applica- 
tions and complementary circuitry. 

• High DC Current Gain Specified — 0.1 to 500 mAdc 

• High Current-Gain — Bandwidth Product — 

fj = 200 MHz (Min) Iq = 50 mAdc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0-4 Vdc (Max) (w Ic = 150 mAdc 

• 2N2904, A thru 2N2907, A Complement to NPN 2N2218, A, 

2N2219, A, 2N2221, A, 2N2222, A 

• JAN, JANTX Available for 2N2904, A thru 2N2907, A 


*ALSO AVAILABLE 
JANS 2N2905AL AND 
JANS 2N2907A 


MAXIMUM RATINGS 


Rating 

Symbol 

Non-A Suffix 

A-Suffix 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

60 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

•c 

600 

mAdc 



2N2904,A 

< 

(£> 

O 

O) 

CM 

Z 

CM 

2N3485,A 




2N2905,A 

2N2907,A 

2N3486,A 


Total Device Dissipation 

Pd 






@Ta = 25°C 


600 

400 

400 

mW 

Derate above 25°C 


3.43 

2.28 

2.28 

mW/°C 

Total Device Dissipation 

Pd 






@ Tc = 25°C 


3.0 

1.8 

2.0 

Watts 

Derate above 25°C 


17.2 

10.3 

11.43 

mW/°C 

Operating and Storage Junction 

Tj, Tstg 

- 

65 to -h200 

°C 

Temperature Range 







2N2904, A 
thru 
2N2907, A 

2N3485, A, 2N3486, A 

JAN, JTX, JTXV AVAILABLE* 

CASE 79-04, STYLE 1 3 Collector 

TO-39 (TO-205AD) 



2N2906/2907 
CASE 22-03, STYLE 1 
TO-18 {TO-206AA) 


2N3485/3486 
CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 


GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 

V(BR)CEO 




Vdc 

(Iq = 10 mAdc, Ig = 0) Non-A Suffix 


40 

— 

— 


A-Suffix 


60 

— 

— 


Collector-Base Breakdown Voltage (Iq = 10 /LtAdc, 1^ = 0) 

V(BR)CBO 

60 

— 


Vdc 

Emitter-Base Breakdown Voltage (Ie = 10 ixAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 


Vdc 

Collector Cutoff Current (Vqe = 30 Vdc, Vbe = 0-5 Vdc) 

'CEX 

— 

— 

50 

nAdc 

Collector Cutoff Current 

ICBO 




/LtAdc 

(VcB = 50 Vdc, Ie = 0) Non-A Suffix 


— 

— 

0.02 


A-Suffix 

! 

— 

— 

0.01 


(VcB = 50 Vdc, Ie = 0, Ta = 150°C) Non-A Suffix 


_ 

_ 

20 


A-Suffix 



— 

10 


Base Current (Vqe = 30 Vdc, Vbe = 0-5 Vdc) 

•b 

z: 1 

- 

50 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 

hPE 




— 

dC = 0.1 mAdc, Vce = 10 Vdc) 2N2904, 2N2906, 2N3485 


20 

— 

— 


2N2905, 2N2907, 2N3486 


35 

— 

— 


2N2904A, 2N2906A, 2N3485A 


40 

— 

— 


2N2905A, 2N2907A, 2N3486A 


75 

— 

— 


dC = 1.0 mAdc, Vce = 10 Vdc) 2N2904, 2N2906, 2N3485 


25 






2N2905, 2N2907, 2N3486 


50 

— 

— 


2N2904A, 2N2906A, 2N3485A 


40 


— 


2N2905A, 2N2907A, 2N3486A 


100 

— 

— 


dC = 10 mAdc, Vce = 10 Vdc) 2N2904, 2N2906, 2N3485 


35 

— 

_ 


2N2905, 2N2907, 2N3486 


75 

— 

— 


2N2904A, 2N2906A, 2N3485A 


40 

— 

— 


2N2905A, 2N2907A, 2N3486A 


100 


— 



(1) Pulse Test: Pulse Width ^ 300 /jls, Duty Cycle % 2.0%. (continued) 
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2N2904, A THRU 2N2907, A, 2N3485, A, 2N3486, A 


ELECTRICAL CHARACTERISTICS (continued) (T/^ = 25X unless otherwise noted.) 


1 Characteristic 

1 Symbol | 

Min 

Typ 

1 Max 

{ Unit j 

ON CHARACTERISTICS (continued) 







DC Current Gain 

hpE 

40 

_ 

120 


dC = 150 mAdc, Vce = 10 Vdc)(1) 2N2904A, 2N2906A, 2N3485A 


100 

— 

300 


2N2905A, 2N2907A, 2N3486A 






dC = 500 mAdc, Vce = 10 Vdc)(1) 2N2904, 2N2906, 2N3485 


20 






2N2905, 2N2907, 2N3486 


30 

_ 

— 


2N2904A, 2N2906A, 2N3485A 


40 

— 

— 


2N2905A, 2N2907A, 2N3486A 


50 

— 

— 


Collector-Emitter Saturation Voltage(l) 

VCE(sat) 




Vdc 

dC = 150 mAdc, Ib = 15 mAdc) 


— 

— 

0.4 


dC = 500 mAdc, Ib = 50 mAdc) 

1 


— 

1.6 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dC = 150 mAdc, Ib = 15 mAdc)(1) 


— 

— 

1.3 


dC = 500 mAdc, Ib = 50 mAdc) 


— 

— 

2.6 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 50 mAdc, Vce = 20 Vdc, f = 100 MHz) 

fj 

200 

— 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Cob 

— 

— 

8.0 

pF 

Input Capacitance 

(Vbe = 2.0 Vdc, Ic = 0, f = 100 kHz) 

Cib 

— 

— 

30 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 30 Vdc, Ic = 1 50 mAdc, 

Ibi =15 mAdc) 

(Figure 15a) 

Ion 

— 

26 

45 

ns 

Delay Time 

td 

— 

6.0 

10 

Rise Time 

tr 

— 

20 

40 

Turn-Off Time 

(Vcc = 6.0 Vdc, Ic = 150 mAdc, 

Ibi = IB2 = 16 mAdc) 

(Figure 15b) 

toff 

— 

70 

100 

ns 

Storage Time 

ts 

— 

50 

80 

Fall Time 

tf 

H 

20 

30 


(1) Pulse Test; Pulse Width % 300 ixs. Duty Cycle g 2.0%. 

(2) Ij is defined as the frequency at which |hfe| extrapolates to unity. 


FIGURE 1 - NORMALIZED DC CURRENT GAIN 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 

ic, COLLECTOR CURRENT (mA) 
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2N2904, A THRU 2N2907, A, 2N3485, A, 2N3486, A 


FIGURE 2 - NORMALIZED COLLECTOR SATURATION REGION 



1 2 3 4 5 


This graph shows the effect of base current on col- 
lector current. jSo (current gain at edge of saturation) is 
the current gain of the transistor at 1 volt, and fit (forced 
gain) is the ratio of Ic/Ibf in a circuit. 

EXAMPLE; For type 2N2905, estimate a base cur- 
rent (Ibf) to insure saturation at a temperature of 25°C 
and a collector current of 150 mA. 

Observe that at Ic = 150 mA an overdrive factor of 
at least 3 is required to drive the transistor well into 
the saturation region. From Figure 1, it is seen that 
hpE @ 1 volt Is approximately 0.60 of hfE @ 10 volts. 
Using the guaranteed minimum of 100 @ 150 mA and 
10 V, /3o = 60 and substituting values in the overdrive 
equation, we find : 


ES. - @ 1 V 

/3f Ic/Ibf 


3 = 


60 

150/Ibf 


Ibf «=< 7.5 mA 


(^o/ySp), OVERDRIVE FACTOR 



0.5 1.0 2.0 5.0 10 20 50 100 200 500 

Ic, COLLECTOR CURRENT (mA) 


FIGURE 4 - TEMPERATURE COEFFICIENTS 



SMALL-SIGNAL CHARACTERISTICS 

NOISE FIGURE 

VcE = 10 V, Ta = 25 OC 



0.1 0 2 0.5 1.0 2.0 5.0 10 20 50 100 


FIGURE 6 - SOURCE RESISTANCE EFFECTS 



0 I ] I I I M I HI II I ...j ij i i ij L_J 1 1 J 1 i.JiJ 

0 1 0.2 0.5 1 0 2.0 5.0 10 20 50 100 


f, FREQUENCY (kHz) 


Rs, SOURCE RESISTANCE (k OHMS) 
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1 30 50 70 100 

200 300 500 

5.0 7.0 10 

20 30 50 70 100 

200 300 

Ic, COLLECTOR CURRENT (mA) 



Ic, COLLECTOR CURRENT (mA) 
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2N2904, A THRU 2N2907, A, 2N3485, A, 2N3486, A 


FIGURE 13 - STORAGE TIME 


FIGURE 14 - FALL TIME 


]0 

70 ------ 

50 -Ic/Ib = 10- 


■ t', - t, - Vstf 

- j l] I !■ 

lB1 = lB2 


5.0 7.0 10 20 30 50 70 100 200 300 500 

Ic, COLLECTOR CURRENT (mA) 




5.0 7.0 10 20 30 50 70 100 200 300 5i 

b COLLECTOR CURRENT (mA) 


FIGURE 15a - DELAY AND RISE 
TIME TEST CIRCUIT 


FIGURE 15b - STORAGE AND FALL 
TIME TEST CIRCUIT 


INPUT 
Zo = 50 L2 
PRF = 150 PPS 
RISE TIME <2.0 ns 


INPUT 
Zo = 50 S2 
PRF = 150 PPS 
RISE TIME < 2.0 /iS 


- ^ 


j TO OSCILLOSCOPE 
" RISE TIME <5.0 ns 

g - 


r n 

►-AAA/ 


< 

1 


-30 V 



1 


< 

J 

J50 

L 



200 ns 

L j 

>50 ^ 

L ] 

\ 1N916 

L 


TO OSCILLOSCOPE 
RISE TIME <5.0 ns 


FIGURE 16 - CURRENT-GAIN-BANDWIDTH PRODUCT 


FIGURE 17 - CAPACITANCES 



0 1 0.2 0 3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 

Ic. COLLECTOR CURRENT (mAdc) 



0 1 0.2 0.5 1.0 20 5.0 10 20 

REVERSE BIAS (VOLTS) 
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2N2904, A THRU 2N2907, A, 2N3485, A, 2N3486, A 


FIGURE 18 - ACTIVE REGION SAFE OPERATING AREAS 


This graph shows the maximum Iq-Vce limits of the device 
both from the standpoint of thermal dissipation (at 25°C case 
temperature), and secondary breakdown. For case temperatures 
other than 25°C, the thermal dissipation curve must be modified 
in accordance with the derating factor in the Maximum Ratings 
table. 

To avoid possible device failure, the collector load line must 
fall below the limits indicated by the applicable curve. Thus, for 
certain operating conditions the device is thermally limited, and 
for others it is limited by secondary breakdown. 

For pulse applications, the maximum IC’VcE product indicated 
by the dc thermal limits can be exceeded. Pulse thermal limits 
may be calculated by using the transient thermal resistance curve 
of Figure 19. 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 19 - THERMAL RESISTANCE 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N2913 

thru 

2N2918 

2N2919 

2N2920 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

60 

Vdc 

Collector-Base Voltage 

VCBO 

45 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

Vdc 

Collector Current — Continuous 

ic 

30 

mAdc 


One Die 

Both Die 


Total Device Dissipation 
@ Ta = 25°C 

Derate above 25°C 

Pd 

300 

1.7 

500 

2.86 

mW 

mW/°C 

Total Device Dissipation 
@ Tc = 25°C 

Derate above 25°C 

PD 

750 

4.3 

1500 

8.6 

mW 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj/ Tstg 

- 65 to -1- 200 

X 


2N2913 

thru 

2N2920 

JAN, JTX, JTXV, JANS AVAILABLE 
CASE 654-07, STYLE 1 



DUAL 

AMPLIFIER TRANSISTORS 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max T Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc = 10 mAdc, Ib = 0) 

2N2913thru 18, 
2N2919, 2N2920 

V(BR)CEO(sus) 

45 

60 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
dc = 10 fxAdc, Ie = 0) 

2N2913thru 18, 
2N2919, 2N2920 

V(BR)CBO 

45 

60 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 fxAdc, Ic = 0) 

V{BR)EBO 

6.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcE = 5 0 Vdc, Ib = 0) 

•CEO 


— 

0.002 

ytlAdC 

Collector Cutoff Current 
(VcB = 45 Vdc, Ie = 0) 

2N2913thru 18, 
2N2919, 2N2920 

'CBO 



- 

0.010 

0.002 

/LtAdc 

(VcB = 45 Vdc, Ie = 0, Ta = 150°C) 

All Types 


— 

— 

10 


Emitter Cutoff Current 
(Veb = 5.0 Vdc, Ic = 0) 

Iebo 

— 

— 

0.002 

fiAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 

dc = 10 AAdc, VcE = 5.0 Vdc) 2N2913,15,17,19, 

2N2914,16,18,20 

dc = 10 fiAdc, VcE = 5.0 Vdc, Ta = -55X) 2N2913,1 5,17,19, 

2N2914,16,18, 

2N2920 

dc = 100 AAdc, VcE = 5.0 Vdc) 2N2913,15,17,19, 

2N2914,16,18,20 

dc = 1.0 mAdc, VcE = 5.0 Vdc) 2N2913,15,17,19, 

2N2914,16,18,20 

hpE 

60 

150 

15 

30 

40 

100 

225 

150 

300 


240 

600 


Collector-Emitter Saturation Voltage 
(Ic = 1.0 mAdc, Ib = 0.1 mAdc) 

VCE(sat) 

— 

— 

0.35 

Vdc 

Base-Emitter On Voltage 
dc = 100 AiAdc, VcE = 5.0 Vdc) 

VBE(on) 

— 

— 

0.7 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

fr 

60 

_ 

_ 

MHz 

dc = 500 /LiAdc, VcE == 5.0 Vdc, f = 20 MHz) 
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2N2913thru 2N2920 


ELECTRICAL CHARACTERISTICS (continued) (T^ = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

Output Capacitance 


Cobo 

— 

4.0 

6.0 

PF 

(VcB = 5.0 Vdc, Ie = 0, f = 140 kHz) 







Input Impedance 


hib 

25 

28 

32 

ohms 

dC = 1.0 mAdc, VcB = 5.0 Vdc, f = 1.0 kHz) 







Output Admittance 


f*ob 

— 

— 

1.0 

fimhos 

dC = 1.0 mAdc, VcB = 5.0 Vdc, f = 1.0 kHz) 







Noise Figure 


NF 




dB 

dC = 10 fjiAdc, VcE = 5.0 Vdc, Rs = 10 kO, 

2N2914,16,18,20, 


— 

2.0 

3.0 


f = 1.0 kHz, BW = 200 Hz) 

2N2913,15,17,19 


— 

3.0 

4.0 


dC = 10 /xAdc, VcE = 5.0 Vdc, Rs = 10 kO, 

2N2914,16,18,20, 


— 

2.0 

3.0 


f = 10 Hz to 15.7 kHz, BW = 10 kHz) 

2N2913,15,17,19 


— 

3.0 

4.0 



MATCHING CHARACTERISTICS 


DC Current Gain Ratio(2) 
dC = 100 fiAdc, VcE = 5.0 Vdc) 

2N2917,18, 

2N2915,16,19,20 

hFEl/hFE2 

— 

0.8 

0.9 

- 

1.0 

1.0 

— 

Base-Emitter Voltage Differential 


|Vbei-Vbe2I 




mVdc 

(Ic = 10 fiAdc to 1.0 mAdc, Vqe = 5.0 Vdc) 

2N2917,18, 


— 

— 

10 



2N2915,16,19,20 


— 

— 

5.0 


dC = 100 /LtAdc, VcE = 5.0 Vdc) 

2N2917,18, 


— 


5.0 



2N2915,16,19,20 


— 

— 

3.0 


Base-Emitter Voltage Differential Change Due to Temperature 

A(Vbei-VbE2) 




mVdc 

dC =100 ju,Adc, Vqe = 5.0 Vdc, 







Ta = -55°Cto +25°C) 

2N2917,18, 


— 

— 

1.6 



2N2915,16,19,20 


— 

— 

0.8 


dC = 100 fiAdc, VcE = 5.0 Vdc, 

2N2917,18 


_ 

_ 

2.0 


Ta = +25°Cto +125°C) 

2N2915,16,19,20 


— 

— 

1.0 



(1) Pulse Test: Pulse Width ^ 300 ixs, Duty Cycle 2.0%. 

(2) The lowest hpE reading is taken as hpEI for this ratio. 




0.01 0.05 0.1 0.5 1.0 5.0 10 50 100 0.01 0.05 0.1 0.5 1.0 5.0 10 50 100 

IC, COLLECTOR CURRENT (MA) Iq, COLLECTOR CURRENT (MA) 



0.01 0.1 1.0 10 100 


IC, COLLECTOR CURRENT (MA) 



0.01 0.1 1.0 10 100 


IC, COLLECTOR CURRENT (MA) 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N2945 

2N2946 

Unit 

Emitter-Collector Voltage 

VeCO 

20 

35 

Vdc 

Collector-Base Voltage 

VCBO 

25 

40 

Vdc 

Emitter-Base Voltage 

vebo 

25 

40 

Vdc 

Collector Current — Continuous 

ic 

100 

Adc 

Total Device Dissipation @ Ta = 25°C 

Derate above 25^ 

pd 

400 

2.3 

mW 

mW/°C 

Total Device Dissipation (a) Tq = 25°C 

Derate above 25°C 

Pd 

2.0 

11.43 

Watts 

mW/°C 

Operating and Storage Junction 

Temperature Range 

7j, Tstg 

-65 to 4-200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

87.5 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

435 

°c/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic I Symbol 1 Min I Typ [ Max T Unit 


OFF CHARACTERISTICS 


Collector Cutoff Current 
(VcB = 25 Vdc, Ie = 0) 

(VcB = 40 Vdc, Ie = 0) 

2N2945 

2N2946 

'cbo 


- 

0.2 

0.5 

nAdc 

Emitter Cutoff Current 


'ebo 




nAdc 

(Veb = 25 Vdc, Ic = 0) 

2N2945 


— 

— 

0.2 


(Veb = 40 Vdc, Ic = 0) 

2N2946 


— 

— 

0.5 



ON CHARACTERISTICS 


DC Current Gain 
dC = 1.0 mAdc, VcE = 0.5 Vdc) 

2N2945 

2N2946 

hpE 

40 

30 

160 

130 

- 

— 

*DC Current Gain (Inverted Connection) 


hFE(inv) 




— 

(Ib = 200 MAdc, Vec = 0.5 Vdc) 

2N2945 


4.0 

17 

— 



2N2946 


3.0 

15 

— 


Offset Voltage 


VEC(ofs) 




mVdc 

(Ib = 200 AAdc, Ie = 0) 

2N2945 


— 

0.23 

0.5 



2N2946 


— 

0.27 

0.8 


(Ib = 1.0 mAdc, Ie = 0) 

2N2945 


_ 

0.5 

1.0 



2N2946 


— 

0.6 

2.0 


(Ib = 2.0 mAdc, Ie = 0) 

2N2945 




0.9 

1.6 



2N2946 


— 

1.0 

2.5 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 1.0 mAdc, VcE = 6.0 Vdc, f = 1.0 MHz) 2N2945 

2N2946 

fr 

5.0 

3.0 

13 

12 

- 

MHz 

Output Capacitance (Vcb = 6.0 Vdc, Ie = 0, f = 500 kHz) 

Cobo 

— 

3.2 

10 

PF 

Input Capacitance (Veb = 6.0 Vdc, Ic = 0, f = 500 kHz) 

Cibo 

— 

1.9 

6.0 

PF 

"ON” Series Resistance 

•"ec 




Ohms 

(Ib = 1.0 mAdc, Ie = 0, Ic = 100 /xArms, f = 1.0 kHz) 2N2945 


— 

4.5 

35 


2N2946 


— 

5.0 

45 



*lndicates Data in addition to JEDEC Requirements. 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N2945A 

2N2946A 

Unit 

Emitter-Collector Voltage 

VeCO 

20 

35 

Vdc 

Collector-Base Voltage 

VCBO 

25 

40 

Vdc 

Emitter-Base Voltage 

vebo 

25 

40 

Vdc 

Collector Current — Continuous 

ic 

100 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Derate above 25°C 

pd 

400 

2.3 

mW 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Derate above 25°C 

Pd 

2.0 

11.43 

Watts 

mW/°C 

Operating and Storage Junction 

Temperature Range 

Tj# Tstg 

-65 to -1-200 

X 

Lead Temperature 

1/16" from Case for 10 seconds 

Tl 

240 

°C 


THERMAL CHARACTERISTICS 


1 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

435 

X/W 

Thermal Resistance, Junction to Ambient 

R6IJA 

87.5 

x/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Typ | Max [ Unit^ 


OFF CHARACTERISTICS 


Emitter-Collector Breakdown Voltage 
(Ie = 10 /xAdc, Ib = 0) 

2N2945A 

2N2946A 

V(BR)EC0 

20 

35 

- 

_ 

Vdc 

Collector Cutoff Current 



ICBO 




nAdc 

(VcB = 25 Vdc, Ie = 0) 


2N2945A 


— 

— 

0.2 


(VcB = 40 Vdc, Ie = 0) 


2N2946A 


— 

— 

0.5 


(VcB = 25 Vdc, Ie = 0, Ta = 

100X) 

2N2945A 


— 

— 

20 


(VcB = 40 Vdc, Ie = 0, Ta = 

100X) 

2N2946A 


— 

— 

25 


Emitter Cutoff Current 



Iebo 




nAdc 

(Veb = 25 Vdc, Ic = 0) 


2N2945A 


— 

— 

0.2 


(Veb = 40 Vdc, Ic = 0) 


2N2946A 


— 

— 

0.5 


(Veb == 25 Vdc, Ic = 0, Ta = 

100X) 

2N2945A 


— 

_ 

15 


(Veb = 40 Vdc, Ic - 0, Ta = 

100X) 

2N2946A 


— 

— 

20 



ON CHARACTERISTICS 


DC Current Gain 


hpE 

— 



_ 

dC = 1.0 mAdc, VcE = 0.5 Vdc) 

2N2945A 


70 

200 

— 



2N2946A 


50 

200 

— 


DC Current Gain (Inverted Connection) 


hFE(inv) 




— 

(Ib = 200 fiAdc, Vec = 0.5 Vdc) 

2N2945A 

30 

32 

— 



2N2946A 


20 

25 

— 


Offset Voltage 


VEC(ofs) 




mVdc 

(Ib = 200 AAdc, Ie = 0) 

2N2945A 

— 

0.4 

0.5 



2N2946A 


— 

0.7 

0.8 


(Ib = 1.0 mAdc, Ie = 0) 

2N2945A 


— 

0.5 

1.0 



2N2946A 


— 

0.6 

2.0 


(Ib = 2.0 mAdc, Ie = 0) 

2N2945A 


_ 

0.9 

1.5 



2N2946A 


— 

1.0 

2.5 
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SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product 
dC = 1.0 mAdc, VcE == 6.0 Vdc, f = 1.0 MHz) 


2N2945A, 2N2946A 

h 

2N2945A 

2N2946A 


Output Capacitance 

(VCB - 6.0 Vdc, Ie = 0, f = 0.1 MHz to 1.0 MHz) 

Input Capacitance 

(VEB - 6.0 Vdc, Ic = 0, f = 0.1 MHz to 1.0 MHz) 

"ON” Series Resistance 

(Ib = 1.0 mAdc, Ie = 0, Ig = 100 /lArms, f = 1.0 kHz) 2N2945A 



10 

15 


5.0 

8.0 

Cobo 

— 

3.2 

Cibo 

— 

1.9 

•"eclon) 


5.0 


— 

7.0 



FIGURE l-VEC(on) 


FIGURE 2 — VEc(offset) 





0 0.1 1.0 10.0 
•NOTE; Ic. COLLECTOR CURRENT <mA) 

PULSE WIOTH = 300 ms, 

OUTY CYCLE ^ 2% 


0 20 40 60 80 100 120 140 160 180 200 

Ta - AMBIENT TEMPERATURE (°C) 
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VBE(on) EMIHER-BASE ON VOLTAGE (V) ^ lebo, EMIHER CUTOFF CURRENT (nA) 


2N2945A, 2N2946A 


lebo versus Ta 


VCE(s) versus Iq 



—40 V-^ 

0.01 25 V 


60 80 100 120 140 160 180 200 

Ta - AMBIENT TEMPERATURE (^C) 


0.01 0.1 

NOTE: 

PULSE WIDTH = 300 ms, 
DUTY CYCLE < 2% 


IC, COLLECTOR CURRENT (mA) 


VBE(on) versus Iq 


Cjbo versus Veb 



0.1 1.0 1 
Ic - COLLECTOR CURRENT (mA) 



-0.5 -1.0 -5.0 -10 

Veb, EMIHER-BASE VOLTAGE (V) 


Cobo versus Vqb 


rec(on) versus \q 


-0.5 -1.0 -5.0 -10.0 

VCB, COLLECTOR-BASE VOLTAGE (V) 


1 II 

T 

T 


t 

1 

Im 

I 

1 

III 


1 

1 

III 


1 

1 

II 


1 

1 

III 


1 

1 

1 


j 

1 

llllllll■lllllll■l■llllll 

llllllll■lllllll■l■llll 






iB, BASE CURRENT (mA) 
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VEC(ofs). EMIHER COLLECTOR OFFSET 
VOLTAGE (mV) 


2N2945A, 2N2946A 


VEC(ofs) versus Ib 


hpE versus T/^ 



- 0.01 - 0.1 - 1.0 - 10.0 - 100.0 


IB, BASE CURRENT (mA) 



-55 -25 0 25 50 75 100 125 

Ta, AMBIENT TEMPERATURE (°C) 


hFE(mv) versus Iq 



NOTE; IC, COLLECTOR CURRENT (mA) 

PULSE WIOTH = 300 fis. 

DUTY CYCLE < 2% 


3 
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2N3011 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage(l) 

VCEO 

12 

Vdc 

Collector-Emitter Voltage 

VCES 

30 

Vdc 

Collector-Base Voltage 

VCBO 

30 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

•c 

200 

mAdc 

Peak (10 /xs Pulse) 


500 


Total Device Dissipation @ T/^ = 25°C 

pd 

0.36 

Watt 

Derate above 25®C 


2.06 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

pd 

1.20 

Watts 

Tc = 100°C 


0.68 

mW/X 

Derate above 25°C 


6.85 


Operating and Storage Junction 

Tj. Tgtg 

-65 to +200 

°C 

Temperature Range 

i 



CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 



3 Collector 



1 Emitter 


SWITCHING TRANSISTOR 

NPN SILICON 


Refer to 2N2368 for graphs. 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) dc = 10 mAdc, Ib = 0) 

V(BR)CEO 

12 

_ 

Vdc 

Collector-Emitter Breakdown Voltage (Ic = 10 /xAdc, Vbe = 0) 

V(BR)CES 

30 

— 

Vdc 

Collector-Base Breakdown Voltage dc = 10 /uAdc, Ie = 0) 

V{BR)CBO 

30 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 100 nAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current (Vqe = 20 Vdc Vbe = 0) 

'CES 

_ 

0.4 

fiAdc 

(VcE = 20 Vdc, Vbe = 0, Ta = +85°C) 


— 

10 


Base Cutoff Current (Vqe = 20 Vdc, Vbe = 0) 

>BL 

— 

0.4 

fiAdc 


ON CHARACTERISTICS (2) 


DC Current Gain dC = 10 mAdc, Vqe = 0.35 Vdc) 

dc = 30 mAdc, VcE = 0.4 Vdc) 
dc = 100 mAdc, VcE = 1-0 Vdc) 

hpE 

30 

25 

12 

120 

— 

Collector-Emitter Saturation Voltage (Ic = 10 mAdc, Ib = 1.0 mAdc) 

VCE(sat) 

— 

0.20 

Vdc 

dc = 30 mAdc, Ib = 3.0 mAdc) 


— 

0.25 


dc = 100 mAdc, Ib = 10 mAdc) 


— 

0.50 


dc = 10 mAdc, Ib = 1.0 mAdc, Ta = +85X) 


— 

0.30 


Base-Emitter Saturation Voltage dc = 10 mAdc, Ib = 1.0 mAdc) 

VBE(sat) 

0.72 

0.87 

Vdc 

dc = 30 mAdc, Ib = 3.0 mAdc) 


— - 

1.15 


dc = 100 mAdc, Ib = 10 mAdc) 


— 

1.60 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (Ic = 20 mAdc, VcE = 10 Vdc, f = 100 MHz) 

1 

400 

— 

MHz 

Output Capacitance (VcB = 5.0 Vdc, Ie = 0, f = 140 kHz) 

Cobo 

— 

4.0 

PF 


SWITCHING CHARACTERISTICS 


Storage Time 

dc = IbI = -Ib 2 = 10 mAdc) 

Is 

- 

13 

ns 

Turn-On Time 

(Vcc = 2.0 Vdc, VEB(off) = 0, Ic = 30 mAdc, Ibi = 3.0 mAdc) 

Ion 

— 

15 

ns 

Turn-Off Time 

(Vcc ~ 2.0 Vdc, Ic = 30 mAdc, Ibi = -Ib2 ~ 3.0 mAdc) 

toff 

— 

20 

ns 


(1) Applicable from 0.01 mA to 10 mA (Pulsed). 

(2) Pulse Test: Pulse Length = 30 /its, Duty Cycle 2.0%. 
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2N3012 


MAXIMUM RATINGS 


Rating 

Symboi 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

12 

Vdc 

Collector-Base Voltage 

VCBO 

12 

Vdc 

Emitter-Base Voltage 

Vebo 

4.0 

Vdc 

Collector Current — Continuous 

•c 

200 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

0.36 

Watts 

Derate above 25°C 


2.06 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.2 

Watts 

Derate above 25°C 


6.85 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj. Tstg 

-65 to +200 

°C 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 



SWITCHING TRANSISTOR 

PNP SILICON 


Refer to 2N869A for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symboi I Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Iq = 10 |xAdc, VgE = 0) 

V{BR)CES 

12 

— 

Vdc 

Collector-Emitter Sustaining Voltage(l) (Iq = 10 mAdc, Ib = 0) 

VCEO(sus) 

12 

— 

Vdc 

(Emitter-Base Termination — Open Base) 




Collector-Base Breakdown Voltage (Iq = 10 ^,Adc, Ig = 0) 

V(BR)CB0 

12 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 100 fjLAdc, Ic = 0) 

V(BR)EBO 

4.0 

— 

Vdc 

Collector Cutoff Current (Vqe = 6.0 Vdc, Vbe = 0) 

Ices 

— 

80 

IJiAdc 

(VcE = 6.0 Vdc, Vbe = 0, Ta = +85°C) 


— 

5.0 


Base Current (Vqe = 6.0 Vdc, Vbe = 0) 

IB 

ZI 1 

30 

|xAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 10 mAdc, VcE = 0.3 Vdc) 
dC = 30 mAdc, Vqe = 0.5 Vdc) 
dC = 100 mAdc, VcE = TO Vdc)(1) 

hpE 

— 

25 

30 

20 

— 

120 


Collector-Emitter Saturation Voltage(l) 

VcE(sat) 



Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 


— 

0.15 


dc = 30 mAdc, Ib = 3.0 mAdc) 


— 

0.2 


dc = 30 mAdc, Ib = 3.0 mAdc, Ta = +85°C) 


— 

0.4 


dc = 100 mAdc, Ib = 10 mAdc) 


— 

0.5 


Base-Emitter Saturation Voltage(l) 

VBE(sat) 



Vdc 

dc = 10 mAdc, Ib = TO mAdc) 


0.78 

0.98 


dc = 30 mAdc, Ib = 3.0 mAdc) 


0.85 

1.2 


dc = 100 mAdc, Ib = 10 mAdc) 


— 

1.7 



SMALL-SIGNAL CHARACTERISTICS 


1 

Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 140 kHz) 

Cobo 

— 

6.0 

PF 

Input Capacitance 

(Veb = 0.5 Vdc, Ic = 0, f = 140 kHz) 

Cibo 


6.0 

PF 

Small-Signal Current Gain 
dc = 30 mAdc, Vce = 10 Vdc, f = 100 MHz) 

hfe 

4.0 


— 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vce = 2,0 Vdc, lc=^30 mAdc, Ibi=^T 5 mAdc) 

t 

^on 

— 

60 

ns 

Turn-Off Time 

(Vec = 2.0 Vdc, lc-30 mAdc, Ibi = Ib 2=“T5 mAdc) 

toff 

— 

75 

ns 


(1) Pulse Test: Pulse Width = 300 |xs. Duty Cycle = 1.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage(l) 

VCEO 


Vdc 

2N3013 


15 


2N3014 


20 


Collector-Emitter Voltage 

VCES 

40 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

•c 

200 

mAdc 

(10 ^ls pulse) Peak 


500 


Total Device Dissipation @ = 25°C 

pd 

0.36 

Watt 

Derate above 25°C 


2.06 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.20 

Watts 

@ Tc = 100X 


0.68 

Watt 

Derate above 25°C 


6.85 

mW/X 

Operating and Storage Junction 

Tj. Tstg 

-65 to +200 

X 

Temperature Range 




(1) Applicable from 0.01 mA to 10 mA (Pulsed) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 100 ixAdc, Vbe = 0) 

V(BR)CES 

40 

— 

Vdc 

Collector-Emitter Sustaining Voltage(2) 

VcEO(sus) 



Vdc 

dC = 10 mAdc, Ib = 0) 2N3013 


15 

— 


2N3014 


20 



Collector-Base Breakdown Voltage 

V(BR)CBO 

40 

— 

Vdc 

dc = 100 fxAdc, Ie = 0) 





Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

Vdc 

(1e = 100 fiAdc, Ic = 0) 



— 


Collector Cutoff Current 

Ices 



fiAdc 

(VCE = 20 Vdc, Vbe = o) i 


— 

0.3 


(VCE = 20 Vdc, Vbe = 0, Ta = + 125X) 


— 

40 


Base Current 

Ib 

— 

0.3 

fiAdc 

(VcE = 20 Vdc, Vbe = 0) 






ON CHARACTERISTICSI2) 


DC Current Gain 


hpE 



_ 

dc = 30 mAdc, Vqe = 0.4 Vdc) 



30 

120 


dc = 100 mAdc, VcE = 0.5 Vdc) 

2N3013 


25 

_ 


dc = 10 mAdc, VcE = 0.4 Vdc) 

2N3014 


25 

— 


dc = 300 mAdc, VcE = 1-0 Vdc) 

2N3013 


15 

— 


dc = 100 mAdc, VcE = 1-0 Vdc) 

2N3014 


25 

— 


dc = 30 mAdc, VcE = 0.4 Vdc, Ta = -55X) 



12 

— 


Collector-Emitter Saturation Voltage 


VCE(sat) 



Vdc 

dc = 30 mAdc, Ib == 3.0 mAdc) 



— 

0.18 


dc = 100 mAdc, Ib = 10 mAdc) 

2N3013 


— 

0.28 


dc =100 mAdc, Ib = 10 mAdc) 

2N3014 


— 

0.35 


dc = 300 mAdc, Ib = 30 mAdc) 

2N3013 


— 

0.50 


dc = 10 mAdc, Ib = 1.0 mAdc) 

2N3014 


— 

0.18 


dc = 30 mAdc, Ib = 3.0 mAdc, Ta = +125X) 



— 

0.25 


Base-Emitter Saturation Voltage 


VBE(sat) 



Vdc 

dc = 30 mAdc, Ib = 3.0 mAdc) 



0.75 

0.95 


dc = 100 mAdc, Ib = 10 mAdc) 



— 

1.20 


dc = 300 mAdc, Ib = 30 mAdc) 

2N3013 


— 

1.70 


dc = 10 mAdc, Ib = 1.0 mAdc) 

2N3014 


0.70 

0.80 
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2N3013, 2N3014 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbot T Min | Max | Unit 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 30 mAdc, Vqe = 10 Vdc, f = 100 MHz) 

fj 

350 

- 

MHz 

Output Capacitance 
(VcB = 5.0 Vdc, 1 e = 0, f = 140 kHz) 

Cobo 

— 

5.0 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 140 kHz) 1 

Cibo 


8.0 

PF 


SWITCHING CHARACTERISTICS 


Storage Time 

dC = Ibi = •B2 = 10 mAdc) 

ts 

— 

18 

ns 

Turn-On Time 

Ion 



ns 

(VEB(off) = 5.0 V, Vcc = 15 V, Ic = 300 mAdc, Ibi = 30 mAdc) 





2N3013 


— 

15 


('^EBIoff) 0, Vcc = 2.0 V, Ic = 30 mAdc, Ibi = 3.0 mAdc) 





2N3014 


— 

16 


Turn-Off Time 

toff 

1 


ns 

(Vcc = 15 V, Ic = 300 mAdc, Ibi = Ib 2 = 30 mAdc) 2N3013 



25 


(Vcc = 2.0 V, Ic = 30 mAdc, Ibi = Ib 2 = 3.0 mAdc) 2N3014 


— 1 

?! 1 



(2) Pulse Test: Pulse Width = 300 fxs, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N3019 

2N3020 

2N3700 

Unit 

Collector-Emitter Voltage 

VCEO 

80 

80 

Vdc 

Collector-Base Voltage 

VCBO 

140 

140 

Vdc 

Emitter-Base Voltage 

vebo 

7.0 

7.0 

Vdc 

Collector Current — Continuous 

ic 

1.0 

1.0 

Adc 

Total Device Dissipation @ Ta = 25°C 

Pd 

0.8 

0.5 

Watts 

Derate above 25°C 


4.6 

2.85 

mW/X 

Total Device Dissipation @ Tq == 25°C 

pd 

5.0 

1.8 

Watts 

Derate above 25°C 


28.6 

10.6 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-65 to +200 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

2N3019 

2N3020 

2N3700 

Unit 

Thermal Resistance, Junction to Case 

R61JC 

16.5 

70 

X/W 

Thermal Resistance, Junction to Ambient 

R0JA 

89.5 

245 

x/w 


2N3019 

2N3020 

CASE 79-04, STYLE 1 
TO-39 ITO-205AD) 



JAN, JTX, JTXV 
AVAILABLE ^ collector 


2N3700 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 



GENERAL TRANSISTORS 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max [ Unit^ 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 30 mAdc, Ib = 0) 

V(BR)CEO 

80 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

140 

— 

Vdc 

dC = 100 fiAdc, Ie = 0) 





Emitter-Base Breakdown Voltage 

V(BR)EBO 

7.0 

— 

Vdc 

(Ie = 100 AAdc, Ic = 0) 





Collector Cutoff Current 

'CBO 



^lAdc 

(VcB = 90 Vdc, Ie = 0) 


— 

0.01 


(VcB = 90 Vdc, Ie = 0, Ta = +150X) 


— 

10 


Emitter Cutoff Current 

Iebo 

— 

0.010 

jxAdc 

(Vbe = 5.0 Vdc, Ic = 0) 






ON CHARACTERISTICS 


DC Current Gain(1) 


hPE 



_ 

dC = 0.1 mAdc, VcE = 10 Vdc) 

2N3700, 2N3019 


50 

— 



2N3020 


30 

100 


dC = 10 mAdc, VcE = 10 Vdc) 

2N3700, 2N3019 


90 





2N3020 


40 

120 


dC = 150 mAdc, VcE = 10 Vdc) 

2N3700, 2N3019 


100 

300 


2N3020 


40 

120 


dC = 150 mAdc, Vce = 10 Vdc, Tc = -55X) 

2N3700, 2N3019 


40 

- 


dC = 500 mAdc, Vce = 10 Vdc) 

2N3700, 2N3019 


50 





2N3020 


30 

100 


dC = 1.0 Adc, Vce = 10 Vdc) 

All Types 


15 

— 


Collector-Emitter Saturation Voltage 


VCE(sat) 



Vdc 

dC = 150 mAdc, Ib = 15 mAdc) 



— 

0.2 


dc = 500 mAdc, Ib = 50 mAdc) 



— 

0.5 


Base-Emitter Saturation Voltage 


VBE(sat) 

— 

1.1 

Vdc 

dc = 150 mAdc, Ib = 15 mAdc) 







SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

^T 



MHz 

dc = 50 mAdc, Vce = 10 Vdc, f = 20 MHz) 2N3020 


80 

— 


2N3019, 2N3700 


100 

400 
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2N3019, 2N3020, 2N3700 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 


Output Capacitance 
(VcB = 10 Vdc, Ig = 0, f = 1.0 MHz) 

Cobo 

- 

12 


Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

o 

.Q 

(J 

— 

60 


Small-Signal Current Gain 

dC = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 2N3700, 2N3019 

2N3020 

hfe 

80 

30 

400 

200 


Collector Base Time Constant 

(Ie = 10 mAdc, VcB = 10 Vdc, f = 79.8 MHz) 2N3019, 2N3020 

2N3700 

rb'Cc 

15 

400 

400 


Noise Figure 

dC = 100 /iAdc, VcE = 10 Vdc, 2N3019, 

RS = 1.0 k ohms, f = 1.0 kHz) 2N3700 

NF 


4 



(1) Pulse Test: Pulse Width < 300 fxs, Duty Cycle ^ 1.0%. 


DC CURRENT GAIN DC CURRENT GAIN 

2N3019, 2N3700 2N3020 



IC, COLLECTOR CURRENT (rtiA) 


IC, COLLECTOR CURRENT (mA) 


CAPACITANCE 


"ON " VOLTAGES 
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dM. TEMPERATURE COEFFICIENT (mV/°C) 


2N3019, 2N3020, 2N3700 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

Vdc 

Collector-Base Voltage 

VCBO 

45 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

30 

mAdc 

1 

One Die 

Both Die 


Total Device Dissipation @ Ta = 25°C 

Pd 

250 

350 

mW 

Derate above 25°C 


1.67 

2.33 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

0.7 

1.4 

Watts 

Derate above 25°C 


4.67 

9.33 

mW/°C 

Operating and Storage Junction 

Tjr Tgtg 

-65 to +200 

°C 

Temperature Range 






2N3043 

thru 

2N3045 

2N3048 

CASE 610A-04, STYLE 1 

Collector 9 7 Collector 



5 Base 
Emitter 2 4 Emitter 


DUAL 

AMPLIFIER TRANSISTORS 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted.) 

Characteristic [ Symbol Min 1 Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

45 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 ^Adc, Ic = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 45 Vdc, Ie = 0) 

(VcB = 45 Vdc, Ie = 0, Ta = +150°C) 

'CBO 


0.010 

10 

/iAdc 

Emitter Cutoff Current 
(Veb = 4.0 Vdc, Ic = 0) 

'ebo 


0.010 

juAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 
dC = 10 AAdc, VcE = 5.0 Vdc) 

dC = 1.0 mAdc, VcE = 5.0 Vdc) 

2N3043, 2N3044, 2N3045 
2N3048 

2N3043, 2N3044, 2N3045 
2N3048 

hpE 

100 

50 

130 

65 

300 

200 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ib = 0.5 mAdc) 


VCE(sat) 

— 

1.0 

Vdc 

Base-Emitter On Voltage 
dC = 10 mAdc, VcE = 5.0 Vdc) 


Vbe 

0.6 

0.8 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 1.0 mAdc, VcE = 5.0 Vdc, f = 20 MHz) 

^T 

30 

— 

MHz 

Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 

^obo 

— 

8.0 

PF 

Input Impedance 

dC = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 2N3043, 2N3044, 2N3045 

2N3048 

hie 

3.2k 

1.6k 

19k 

13k 

Ohms 

Small-Signal Current Gain 

dC = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 2N3043, 2N3044, 2N3045 

2N3048 

hfe 

130 

65 

600 

400 

— 

Output Admittance 

dC = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 

hoe 

- 

100 

70 

Amhos 

Noise Figure 

dC = 10 AtAdc, VcE = 5.0 Vdc, Rs = 10 kohms. Bandwidth = 10 Hz to 15.7 kHz) 

NF 

— 

5.0 

dB 
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2N3043 thru 2N3045, 2N3048 


ELECTRICAL CHARACTEBISTICS (continued) (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(2) 
dC = 10 fjAdc, VcE = 5.0 Vdc) 

2N3043 

2N3044 

hFEl/hFE2 

0.9 

0.8 

1.0 

1.0 

— 

Base-Emitter Voltage Differential 


iVBE1-VBE2l 



mVdc 

dC = 10 AtAdc, VcE = 5.0 Vdc) 

2N3043 


— 

5.0 



2N3044 


— 

10 


Base-Emitter Voltage Differential Temperature Gradient 


A(Vbei-VbE2) 



aV/°c 

dC = 10 /xAdc, VcE = 5.0 Vdc, Ta = -55 to +125X) 

2N3043 

ATa 

— 

10 



2N3044 


— 

20 



(1) Pulse Test: Pulse Width ^ 300 /xs, Duty Cycle ^ 2.0%. 

(2) The lowest hpg reading is taken as hpEi for this test. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 




MAXIMUM RATINGS 


Rating 

Symbol 

2N3053 

2N3053A 

Unit 

Collector-Emitter Voltage(l) 

VCEO 

40 

60 

Vdc 

Collector-Base Voltage 

VCBO 

60 

80 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

'c 

700 

mAdc 

Total Device Dissipation @ Tc = 25°C 

Pd 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/X 

Operating and Storage Junction 
Temperature Range 

7j/ Tstg 

-65 to +200 

°C 

Lead Temperature 1/16", ±1/32" From 

Case for 10 s 

Tl 

1 

+ 235 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^JC 

35 

°C/W 


(1) Applicable 0 to 100 mA (Pulsed); 

Pulse Width ^ 300 /xsec., Duty Cycle 2.0%. 

0 to 700 mA; Pulse Width ^ 10 fxsec., Duty Cycle ^ 2.0%. 



ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 100 fiAdc, Ib = 0) 

2N3053 

2N3053A 

V(BR)CEO 

40 

60 

- 

Vdc 

Collector-Emitter Breakdown Voltage(2) 


V(BR)CER 



Vdc 

dC = 100 mAdc, Rbe = 10 ohms) 

2N3053 


50 




2N3053A 


70 

— 


Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dC = 100 fiAdc, Ie = 0) 

2N3053 


60 

— 



2N3053A 


80 

— 


Emitter-Base Breakdown Voltage (Ie = 100 /u-Adc, Ic = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current 


'cex 

— 

0.25 

fiAdc 

(VcE = 30 Vdc, VBE(off) = 1-5 Vdc) 

2N3053 





(VcE = 60 Vdc, VBE(off) = 1-5 Vdc) 

2N3053A 





Emitter Cutoff Current 


Iebo 

— 

0.25 

IxAdc 

(Vbe = 4.0 Vdc, Ic = 0) 

2N3053 





Base Cutoff Current 


Ibl 

— 

0.25 

fxAdc 

(VcE = 60 Vdc, VBE(off) = 1-5 Vdc) 

2N3053A 






ON CHARACTERISTICSd) 


DC Current Gain dc =150 mAdc, Vqe = 2.5 Vdc) 
dc = 150 mAdc, Vqe = 10 Vdc) 

hpE 

25 

50 

250 

- 

Collector-Emitter Saturation Voltage 


VCE(sat) 



Vdc 

(Ic = 150 mAdc, Ib = 15 mAdc) 

2N3053 


— 

1.4 



2N3053A 


— 

0.3 


Base-Emitter Saturation Voltage 


VBE(sat) 



Vdc 

dc = 150 mAdc, Ib = 15 mAdc) 

2N3053 


— 

1.7 



2N3053A 


0.6 

1.0 


Base-Emitter On Voltage 


VBE(on) 



Vdc 

dc = 150 mAdc, VcE = 2.5 Vdc) 

2N3053 ■ 


— 

1.7 



2N3053A 


— 

1.0 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product dc = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

fT 

100 

— 

MHz 

Output Capacitance (VcB = 10 Vdc, Ie = 0, f = 140 kHz) 

O^obo 

— 

15 

pF 

Input Capacitance (Vbe = 0.5 Vdc, Ic = 0, f = 140 kHz) 

o 

.Q 

6 

- 

80 

PF 


(2) Pulse Test: Pulse Width 300 fis, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

4.0 

Vdc 

Collector Current — Continuous 

•c 

500 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

360 

mW 

Derate above 25°C 


2.06 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

1.2 

Watts 

Derate above 25°C 


6.85 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj- Tgtg 

- 65 to + 200 

X 


2N3073 

CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 



^2 


SWITCHING TRANSISTOR 

PNP SILICON 


Refer to 2N2904 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic T Symbol { Mhi f Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) (Iq = 30 mAdc, Ib = 0) 

V(BR)CEO 

60 

— 

Vdc 

Collector-Base Breakdown Voltage (Ic = 100 ixAdc, 1^ = 0) 

V(BR)CBO 

60 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 100 ixAdc, Iq = 0) 

V(BR)EBO 

4.0 

— 

Vdc 

Collector Cutoff Current (V^E == 30 Vdc, Vqe = 0) 

Ices 

— 

10 

nAdc 

(VcE = 30 Vdc, Vbe = 0, Ta = 125°C) 


— 

10 

)LiAdc 

Emitter Cutoff Current (Veb == 4.0 Vdc, Iq = 0} 

'ebo 

— 

100 

)LiAdc 

Base Current (VcE = 30 Vdc, Vbe = 0) 

Ib 

- 

10 

nAdc 


ON CHARACTERISTICS 


DC Current Gain(1) (Ic = 50 mAdc, Vqe "= l O Vdc) 

hpE 

30 

130 

— 

dC = 50 mAdc, Vqe = 10 Vdc, Ta = -55°C) 


12 

— 


dC - 300 mAdc, Vqe = 2.0 Vdc) 


15 

— 


Collector-Emitter Saturation Voltage (Iq = 50 mAdc, Ib = 2.5 mAdc) 

VCE(sat) 

— 

0.25 

Vdc 

(Ic = 300 mAdc, Ib = 30 mAdc) 

— 

1.0 


Base-Emitter Saturation Voltage (Ic = 50 mAdc, Ib = 2.5 mAdc) 

VBE(sat) 

— 

1.2 

Vdc 

dC = 300 mAdc, Ib = 30 mAdc) 

— 

2.0 


Base-Emitter On Voltage dc = 50 mAdc, VcE = "l O Vdc) 

VBE(on) 

- 

1.2 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dc = 50 mAdc, VcE = 20 Vdc, f = 100 MHz) 

fT 

130 

— 

MHz 

Output Capacitance 
(VcB = TO Vdc, Ie = 0, f = 140 kHz) 

Cobo 

— 

10 

PF 

Input Impedance 

dc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hie 

— 

1.5 

kohms 

Voltage Feedback Ratio 
dc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hre 

— 

26 

X 10-4 

Small-Signal Current Gain 
dc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hfe 

25 

180 

— 

Output Admittance 

dc = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hoe 

— 

1200 

ftmhos 
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2N3073 


ELECTRICAL CHARACTERISTICS (continued) (T/\ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


SWITCHING CHARACTERISTICS 


Turn-On Time 

dc = 300 mAdc, Igi = 30 mAdc) 

fon 

— 

40 

ns 

Turn-Off Time 

dc == 300 mAdc, Igi = Ib 2 ^ 30 mAdc) 

toff 

— 

100 

ns 


(1) Pulse Test; Pulse Width « 300 pts, Duty Cycle « 1.0%. 

(2) fj is defined as the frequency at which |hfe| extrapolates to unity. 


FIGURE 1 - TURN-ON AND TURN-OFF SWITCHING TIMES TEST CIRCUIT 


PULSE GENERATOR 
0 

V,n = -90V 


tr, tf 6 0 ns 
PW = 0 5 
Z,n = 50 i> 


h4.0 V -30 V 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage(l) 

VCEO 

150 

Vdc 

Collector-Base Voltage 

VCBO 

150 

Vdc 

Emitter-Base Voltage 

VebO 

5.0 

Vdc 

Collector Current — Continuous 

ic 

200 

mAdc 

Total Device Dissipation @ T^ = 25°C 

pd 

0.8 

Watt 

Derate above 25°C 


4.57 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

pd 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/°C 

Operating and Storage Junction 

Tj/ Tgtg 

- 65 to + 200 

°C 

Temperature Range 




2N3114 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 



2^1 


AMPLIFIER TRANSISTOR 

NPN SILICON 

Refer to 2N3498 for graphs. 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = = 30 mAdc, Ib = 0) 

V(BR)CEO 

150 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 100 iuAdc, Ie = 0) 

V(BR)CBO 

150 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 100 ^Adc, Ic = 0) 

V{BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 100 Vdc, Ie = 0) 

(VcB = 100 Vdc, Ie = 0, Ta = 150°C) 

'CBO 

- 

0.010 

10 

fiAdc 

Emitter Cutoff Current 
(Veb = 4.0 Vdc, Ic = 0) 

•ebo 

— 

0.10 

fiAdc 


ON CHARACTERISTICS 


DC Current Gain(2) 
dC = 0.1 mAdc, VcE = 10 Vdc) 
dC = 30 mAdc, VcE = 10 Vdc) 
dC = 30 mAdc, VcE = 10 Vdc, Ta = -55°C) 

hPE 

15 

30 

12 

120 


Collector-Emitter Saturation Voltage(2) 
dC = 50 mAdc, Ib = 5.0 mAdc) 

VcE(sat) 

— 

1.0 

Vdc 

Base-Emitter Saturation Voltage(2) 
dC = 50 mAdc, Ib = 5.0 mAdc) 

VBE(sat) 

— 

0.9 

i 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 20 Vdc, Ie = 0, f = 140 kHz) 

^obo 

— 

9.0 

PF 

Input Capacitance 

(Veb = 0.5 Vdc, Ic = 0, f = 140 kHz) 

Cibo 

— 

80 

PF 

Small-Signal Current Gain 
dC = 1.0 mA, VcE = 5.0 V, f = 1 kHz) 

hfe 

25 

— 

— 

Current Gain — High Frequency 
(VcE = 10 Vdc, Ic = 30 mAdc, f = 20 MHz) 

iNel 

2.0 

— 

__ 

Real Part of Input Impedance 
dC = 10 mA, Vce = 10 V, f = 100 MHz) 

Re(hj0) 

— 

30 

Ohms 


(1) Between 0 and 30 mA. 

(2) Pulse Test: Pulse Width 300 /xs, Duty Cycle 1.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Co Hector- Emitter Voltage 

VCEO 

35 

Vdc 

Collector-Base Voltage 

VCBO 

50 

Vdc 

Emitter-Base Voltage 

Vebo 

4.0 

Vdc 

Collector Current — Continuous 

'c 

600 

mA 

Total Device Dissipation @ Ta = 25X 

Pd 

0.4 

Watt 

Derate above 25°C 


2.28 

mW/X 

Total Device Dissipation (a) Tc = 25°C 

Pd 

1.8 

Watts 

Derate above 25°C 


10.3 

mW/°C 

Operating and Storage Junction 

Tj, Tgtg 

— 65 to +200 

X 

Temperature Range 




2N3135 

CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 



SWITCHING TRANSISTOR 

PNP SILICON 


Refer to 2N2904 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic j Symbol [ Min I Max \ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

35 


Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

50 

— 

Vdc 

dC = 10 fjiAdc, Ie = 0) 





Emitter-Base Breakdown Voltage 

V{BR)EBO 

4.0 

— 

Vdc 

(Ie = 10 AAdc, Ic = 0) 





Collector Cutoff Current 

<CEX 

— 

0.1 

^Adc 

(VcE = 30 V, Vbe = 0.5 V) 





Collector Cutoff Current 

•CBO 



^Adc 

(VcB = 30 Vdc, Ie = 0) 


— 

0.05 


(VcB = 30 Vdc, Ie = 0, Ta - 150X) 


— 

30 


Base Cutoff Current 

ibl 

— 

0.1 

/liAdc 

(VcE = 30 V, Vbe = v) 






ON CHARACTERISTICS 


DC Current Gain 
dC = 1.0 mAdc, VcE = 10 Vdc) 
dC = 150 mAdc, VcE = 10 Vdc)(l) 

hpE 

25 

40 

120 

— 

Collector-Emitter Saturation Voltage(l) 
dC = 150 mAdc, Ib = 15 mAdc) 

VCE(sat) 

— 

0.6 

Vdc 

Base-Emitter Saturation Voltage(l) 

(Ic = 150 mAdc, Ib = 15 mAdc) 

VBE(sat) 


1.5 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, VcE = 20 Vdc, f = 100 MHz) 

^ ' 

200 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

— 

10 

pF 

Input Capacitance 

(Vbe = 2 Vdc, Ic = 0, f = 100 kHz) 

Cibo 

— 

40 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 30 V, Ic = 150 mA, Ibi = 15 mA) 

^on 

26 

75 

ns 

Turn-Off Time 

(Vcc = 6.0 V, Ic = 150 mA, Ibi = Ib 2 = 15 mA) 

toff 

70 

150 

ns 


(1) Pulse Test: Pulse Width ^ 300 ixs, Duty Cycle ^ 2.0%. 
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2N3227 


For Specifications, See 2N2368 Data. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N3244 

2N3245 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

50 

Vdc 

Collector-Base Voltage 

VCBO 

40 

50 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

'c 

1.0 

Adc 

Total Device Dissipation @ Ta = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


5.71 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/X 

Operating and Storage Junction 

fj/ Tstg 

-65 to -t-200 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

35 

X/W 

Thermal Resistance, Junction to Ambient 

R0JA 

0.175 

X/mW 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol [ 1^ I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage! 1) 
dc = 10 mAdc, Ig = 0) 

2N3244 

2N3245 

V(BR)CEO 

40 

50 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dc = 10 AtAdc, Ie = 0) 

2N3244 


40 

— 



2N3245 


50 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 10 fxAdc, Ic = 0) 






Base Cutoff Current 


Ibev 

_ 

80 

nAdc 

(VcE = 30 Vdc, Vbe = 3.0 Vdc) 






Collector Cutoff Current 


'CEX 

— 

50 

nAdc 

(VcE = 30 Vdc, Vbe = 3.0 Vdc) 






Collector Cutoff Current 


'cbo 



/liAdc 

(VcB = 30 Vdc, Ie = 0) 



— 

0.050 


(VcB = 30 Vdc, Ie = 0, Ta = 100X) 



— 

10 


Emitter Cutoff Current 


<EBO 



nAdc 

(Veb = 3.0 Vdc, Ic = 0) 

2N3245 


— 

30 


(Veb = 4.0 Vdc, Ic = 0) 

2N3244 


— 

30 



ON CHARACTERISTICS 


DC Current Gain{1) 


hpE 



_ 

dc = 150 mAdc, VcE = 1.0 Vdc) 

2N3244 


60 

— 



2N3245 


35 

— 


dc = 500 mAdc, Vce = 1-0 Vdc) 

2N3244 


50 

150 



2N3245 


30 

90 


dc = 1.0 Adc, VcE = 5.0 Vdc) 

2N3244 


25 





2N3245 


20 

— 


Collector-Emitter Saturation Voltage(l) 


VcE(sat) 



Vdc 

dc = 150 mAdc, Ib = 15 mAdc) 

2N3244 

— 

0.3 


2N3245 


_ 

0.35 


dc = 500 mAdc, Ig = 50 mAdc) 

2N3244 




0.5 



2N3245 


— 

0.6 


dc = 1.0 Adc, Ig = 100 mAdc) 

2N3244 


_ 

1.0 



2N3245 


— 

1.2 
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2N3244, 2N3245 


ELECTRICAL CHARACTERISTICS (continued) (T^ = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Base-Emitter Saturation Voltage(l) 

VBE(sat) 



Vdc 

(Ic = 150 mAdc, Ib = 15 mAdc) 


— 

1.1 


dc == 500 mAdc, Ib = 50 mAdc) 


0.75 

1.5 


dC = 1.0 Adc, Ib = 100 mAdc) 


— 

2.0 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) 

2N3244 

2N3245 

fT 

175 

150 

- 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 


^obo 


25 

PF 

Input Capacitance 

(Veb = 0.5 Vdc, Ic = 0, f = 100 kHz) 


^ibo 


100 

PF 


SWITCHING CHARACTERISTICS 


Delay Time 

dC = 500 mA, Ibi = 50 mA 2N3244 

Veb = 2.0 V, Vcc = 30 V) 2N3245 

td 

— 

15 

ns 

Rise Time 

tr 

— 

35 

40 

ns 

Storage Time 

dC = 500 mA, Vcc = 30 V 2N3244 

Ibi = Ib 2 = 50 mA) 2N3245 

ts 

— 

140 

120 

ns 

Fall Time 

tf 

— 

45 

ns 

Total Control Charge 

dC = 500 mA, Ib = 50 mA, Vcc = 30 V) 2N3244 1 

2N3245 

Or 

- 

14 

12 

pC 


(1) Pulse Test: PW 300 /xs, Duty Cycle ^ 2.0%. 


FIGURE 1 — MINIMUM CURRENT GAIN CHARACTERISTICS 



50 


100 200 

Ic, COLLECTOR CURRENT (mA) 


500 


1000 
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, MAXIMUM COLLECTOR-EMITTER VOLTAGE (VOLTS) V„, MAXIMUM COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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CHARGE (nC) CAPACITANCE (pF) 


2N3244, 2N3245 


FIGURE 6 — TYPICAL SWITCHING TIMES 



\ C < Cort \ 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

12 

Vdc 

Collector-Base Voltage 

VCBO 

15 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

'c 

200 

mA 

Total Device Dissipation @ Ta = 25°C 

Pd 

0.36 

Watt 

Derate above 25°C 


2.06 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

pd 

1.2 

Watts 

Derate above 25°C 


6.9 

mW/°C 

Operating and Storage Junction 

Tj/ Tgtg 

-65 to +200 

°C 

Temperature Range 




2N3249 

CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 



^2 


SWITCHING TRANSISTOR 

PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage! 1) 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

12 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

15 

— 

Vdc 

dC = 10 AAdc, Ie = 0) 





Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 10 AtAdc, Ic = 0) 





Base Cutoff Current 

Ibev 

— 

50 

nAdc 

(VcE = 10 Vdc, Vbe = 1-0 Vdc) 





Collector Cutoff Current 

ICEX 



/iAdc 

(VcE = 10 Vdc, Vbe = 1-0 Vdc) 


— 

0.05 


(VcE = 10 Vdc, Vbe = 10 Vdc, Ta = 100°c) 


— 

5.0 


ON CHARACTERISTICS 

DC Current Gain(1) 

hpE 



— 

dC = 0.1 mAdc, VcE = 1.0 Vdc) 


100 

300 


dC = 1.0 mAdc, VcE = 1-0 Vdc) 


100 

— 


dC = 10 mAdc, VcE = 1-0 Vdc) 


100 

— 


dC = 50 mAdc, VcE = 1.0 Vdc) 


75 

— 


dC = 100 mAdc, VcE = 1-0 Vdc) 


35 

— 


Collector-Emitter Saturation Voltage(l) 

VcE(sat) 



Vdc 

(Ic = 10 mAdc, Ib = 1-0 mAdc) 


— 

0.125 


dc = 50 mAdc, Ib = 5.0 mAdc) 


__ 

0.25 


(Ic = 100 mAdc, Ib = 10 mAdc) 


— 

0.45 


Base-Emitter Saturation Voltage(l) 

VBE(sat) 



Vdc 

dc = 10 mAdc, Ib = 1.0 mAdc) 


0.6 

0.9 


dc = 50 mAdc, Ib = 5.0 mAdc) 


0.7 

1.1 


dc = 100 mAdc, Ib = 10 mAdc) 


— 

1.3 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 20 mAdc, VcE = 10 Vdc, f = 100 MHz) 

fT 

300 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

— 

8.0 

PF 

Input Capacitance 

(Vbe = 1-0 Vdc, Ic = 0, f = 100 kHz) 

Cibo 

— 

8.0 

PF 
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2N3249 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


SWITCHING CHARACTERISTICS 


Delay Time 


Storage Time 


Turn-On Time 


Turn-Off Time 


IC = 100 mA, Ig = 10 mA, 

Vbe = 0.5 V, Vcc = 10 V 

IC = 100 mA, Ibi = Ib 2 = 10 niA, 

Vcc = 10 V 

IC = 10 mA, Ibi = 1.0 mA, 

Vbe = 05 V, Vcc = 3o v 

IC = 10 mA, Ibi = Ib 2 - 10 mA, 

Vcc = 3.0 V 


Total Control Charge 

dC = 10 mA, Ib = 0.25 mA, Vcc = 3.0 V) 

(1) Pulse Test: Pulse Width = 300 /xs, Duty Cycle ^ 2.0%. 


FIGURE 1 — ton CIRCUIT 


H I*- 300 ns 

DUTY CYCLE = 2% 



FIGURE 3 — TYPICAL SWITCHING TIMES 


Ic = 10 l„ = 10 l„ 

: Vcc = 3 V, Vk = 0.5 V 
Tj 250c 


FIGURE 2 — toff CIRCUIT 



h— 

10 < t, < 500 /(S 
DUTY CYCLE = 2% 
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SATURATION VOLTAGE (VOLTS) Vd, MAXIMUM COLLECTOR-EMIHER VOLTAGE (VOLTS) 


2N3249 


FIGURE 5 — MAXIMUM CHARGE DATA 




0.5 1.0 2.0 

REVERSE BIAS (VOLTS) 



0.5 1.0 

I,. BASE CURRENT (mA) 



0 » I 1 I I I 1 I M I I I 1 i M I ,IJJ 

1 2 5 10 20 50 100 

Ic, COLLECTOR CURRENT (mA) 



Ic COLLECTOR CURRENT (mA) 


FIGURE 10 — Qj TEST CIRCUIT FIGURE 1 1 — TURN-OFF WAVEFORM 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N3250 

2N3251 

2N3250A 

2N3251A 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

60 

Vdc 

Collector-Base Voltage 

VCBO 

50 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current 

ic 

200 

mAdc 

Total Device Dissipation @ T/\ = 25°C 

Pd 

0.36 

Watt 

Derate above 25°C 


2.06 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

1.2 

Watts 

Derate above 25®C 


6.9 

mW/°C 

Operating and Storage Temperature 
Temperature Range 

Tj/ Tstg 

- 65 to + 200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

0.15 

mWrC 

Thermal Resistance, Junction to Ambient 

R^ja 

0.49 

mW/X 


2N3250, A 
2N3251, A 

2N3250A,2N3251A 
JAN, JTX, JTXV AVAILABLE 

CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 



GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min j Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
dc = 10 mAdc) 

2N3250, 2N3251 
2N3250A, 2N3251A 

V(BR)CEO 

40 

60 

— 

Vdc 

Collector-Base Breakdown Voltage 
dc = 10 /xAdc) 

2N3250, 2N3251 
2N3250A, 2N3251A 

V(BR)CBO 

50 

60 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 /LiAdc) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current 
(VcE = 40 Vdc, Vbe = 3.0 Vdc) 

ICEX 

— 

20 

nA 

Base Cutoff Current 
(VcE = 40 Vdc, Vbe = 3.0 Vdc) 

'bl 

— 

50 

i 

nAdc 


ON CHARACTERISTICS 


DC Forward Current Transfer Radio (1) 


hpE 





dc = 0.1 mAdc, VcE = 1-0 Vdc) 

2N3250, 2N3250A 


40 

— 


2N3251, 2N3251A 


80 

— 


dc = 1.0 mAdc, VcE = 10 Vdc) 

2N3250, 2N3250A 


45 





2N3251, 2N3251A 


90 

— 


dc = 10 mAdc, VcE = 1-0 Vdc) 

2N3250, 2N3250A 


50 

150 



2N3251, 2N3251A 


100 

300 


dc = 50 mAdc, VcE = 10 Vdc) 

2N3250, 2N3250A 


15 





2N3251, 2N3251A 


30 

— 


Collector-Emitter Saturation Voltage (1) 


VCE(sat) 



Vdc 

dc = 10 mAdc, Ib = 1.0 mAdc) 


— 

0.25 


dc = 50 mAdc, Ib = 5.0 mAdc) 



— 

0.5 


Base-Emitter Saturation Voltage (1) 


VBE(sat) 



Vdc 

dc = 10 mAdc, Ib = 1.0 mAdc) 


0.6 

0.9 


dc = 50 mAdc, Ib = 5.0 mAdc) 



— 

1.2 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 2N3250, 2N3250A 

dc = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 2N3251, 2N3251A 

fT 

250 

300 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

— 

6.0 

PF 

Input Capacitance 

(VcB = 10 Vdc, Ic = 0, f = 100 kHz) 

^ibo 

— 

8.0 

PF 
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2N3250, A, 2N3251, A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

Input Impedance 

2N3250, 2N3250A 

hie 

1.0 

6.0 

kohms 

dC = 1.0 mA, VcE = 10 V, f = 1.0 kHz) 

2N3251, 2N3251A 


2.0 

12 


Voltage Feedback Ratio 

2N3250, 2N3250A 

hre 


10 

X 10-4 

dC = 1.0 mA, VcE = 10 V, f = 1.0 kHz) 

2N3251, 2N3251A 


— 

20 


Small-Signal Current Gain 

2N3250, 2N3250A 

hfe 

50 

200 

_ 

dC = 1.0 mA, VcE = 10 V, f = 1.0 kHz) 

2N3251, 2N3251A 


100 

400 


Output Admittance 

2N3250, 2N3250A 

hoe 

4.0 

40 

/imhos 

dC = 1.0 mA, VcE = 10 V, f = 1.0 kHz) 

2N3251, 2N3251A 


10 

60 


Collector Base Time Constant 


rb'Cc 

— 

250 

ps 

dC = 10 mA, VcE = 20 V, f = 31.8 MHz) 




Noise Figure 


NF 

— 

6.0 

dB 

dC = 100 fxA, VcE = 5.0 V, Rs = 1.0 k a f = 100 Hz) 







SWITCHING CHARACTERISTICS 



Characteristic 

Symbol 

Max 

Unit 

Delay Time 

(Vcc = 3.0 Vdc, Vbe = 0.5 Vdc 

Ic = 10 mAdc, Ibi = 1.0 mA) 

Id 

35 

ns 

Rise Time 

tr 

35 

ns 

Storage Time 

dC = 10 mAdc, Ibi = Ib 2 = l-O mAdc 2N3250, 2N3250A 

Vcc = 3.0 V) 2N3251, 2N3251A 

Is 

175 

200 

ns 

Fall Time 

tf 

50 

ns 


(1) Pulse Test: PW = 300 /as, Duty Cycle = 2.0%. 


SWITCHING TIME CHARACTERISTICS 


FIGURE 1 — DELAY AND RISE TIME 


FIGURE 2 — STORAGE AND FALL TIME 



1 2 5 10 20 50 

Ic, COLLECTOR CURRENT (mA) 



1 2 5 10 20 50 

Ic, COLLECTOR CURRENT (mA) 
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NF, NOISE FIGURE (db) 


2N3250, A, 2N3251, A 


AUDIO SMALL-SIGNAL CHARACTERISTICS 
NOISE FIGURE VARIATIONS 

(VcE = 6.0 V, Ta = 25°C) 


FIGURE 3 — FREQUENCY 


FIGURE 4 — SOURCE RESISTANCE 




lOO 200 400 IKC 2KC 4KC lOKC 20KC 40KC lOOKC 100 200 

f, FREQUENCY (CYCLES) 


IK 2K 4K lOK 20K 40K lOOK 

Rg. SOURCE RESISTANCE (OHMS) 


h PARAMETERS 

VcE = 10 V, f = 1.0 kc, Ta = 25°C 

FIGURE 5 — CURRENT GAIN FIGURE 6 — OUTPUT ADMITTANCE 



0 1 0 2 0 5 1.0 2 0 5 0 10 



0 1 0.2 0 5 1.0 2 0 5.0 10 


Ic, COLLECTOR CURRENT (mA) 


Ic, COLLECTOR CURRENT (mA) 




0 1 0 2 0 5 1 0 2 0 5 0 10 

Ic, COLLECTOR CURRENT (mA) 


0 1 0 2 0 5 1.0 2.0 5 0 10 

Ic, COLLECTOR CURRENT (mAdc) 
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SATURATION VOLTAGE (VOLTS) Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2N3250, A, 2N3251, A 



0 1 0 2 0.5 1 0 2.0 5.0 10 20 50 

Ic, COLLECTOR CURRENT (mA) 


FIGURE 10 — COLLECTOR SATURATION REGION 



This graph shows the effect of base current on collector current (io is the 
current gain of the transistor at 1 volt, and (forced gain) is the ratio of Ic/Ibf 
in a circuit. EXAMPLE: For type 2N3251, estimate a base current (Ibf) to insure 
saturation at a temperature of 25''C and a collector current of 10 mA. 

Observe that at Ic - 10 mA an overdrive factor of at least 2.5 is required to 
drive the transistor well into the saturation region. From Figure 1, it is seen that 
hpE @ 1 volt IS typically 167 (guaranteed limits from the Table of Characteristics 
can be used for "worst-case” design) . . . 


/io _ hFE@lVolt 
/ip Ic/'bf 


= Ibf 6.68 mAtyp 



1 2 5 10 20 50 

Ic, COLLECTOR CURRENT (mA) 



0 10 20 30 40 50 

Ic, COLLECTOR CURRENT (mA) 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N3252 

2N3253 

2N3444 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

40 • 

50 

Vdc 

Collector-Base Voltage 

VCBO 

60 

75 

80 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Total Device Dissipation 
@ Ta = 25°C 

Derate above 25°C 

Pd 

1.0 

5.71 

Watts 

mW/°C 

Total Device Dissipation 
@ Tc = 25X 

Derate above 25°C 

Pd 

5.0 

28.6 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj/ Tstg 

- 65 to + 200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

P0JC 

R^ja 

35 

0.175 

°C/W 

°C/mW 


2N3252 

2N3253 

2N3444 

JAN, JTX AVAILABLE 
2N3253, 2N3444 
CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 



SWITCHING TRANSISTORS 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

(Ic = 10 mAdc, pulsed, Ib = 0) 

2N3252 

2N3253 

2N3444 

V(BR)CEO 

30 

40 

50 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CB0 



Vdc 

dc = 10 )LtAdc, Ig = 0) 

2N3252 


60 

— 



2N3253 


75 

— 



2N3444 


80 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 10 fiAdc, Ic = 0) 






Collector Cutoff Current 


ICEX 



IxAdc 

(VcE = 40 Vdc, VEB(off) = 4.0 Vdc) 

2N3252 


— 

0.5 


(VcE = 60 Vdc, VEB(off) = 4.0 Vdc) 

2N3253, 2N3444 


— 

0.5 


Collector Cutoff Current 


ICBO 



fxAdc 

(VcB 40 Vdc, Ie = 0) 

2N3252 


— 

0.50 


(VcB = 40 Vdc, Ie = 0, Ta = 100°C) 

2N3252 



75.0 


(Vqb = 60 Vdc, Ie = 0) 

2N3253, 2N3444 



0.50 


(VcB = 60 Vdc, Ie = 0, Ta = 100°C) 

2N3253, 2N3444 



75.0 


Emitter Cutoff Current 


•ebo 

— 

0.05 

IxAdc 

(Vbe = 4.0 Vdc, Ic = 0) 






Base Cutoff Current 


'bl 



fiAdc 

(VcE = 40 Vdc, VEB(off) = 4.0 Vdc) 

2N3252 


— 

0.50 


(VcE = 60 Vdc, VEB(off) = 4.0 Vdc) 

2N3253, 2N3444 


— 

0.50 



ON CHARACTERISTICS 


DC Current Gain(1) 


hpE 



_ 

dc = 150 mAdc, VcE = 1.0 Vdc) 

2N3252 


30 

— 



2N3253 


25 

— 



2N3444 


20 

— 


dc = 500 mAdc, VcE = 10 Vdc) 

2N3252 


30 

90 



2N3253 


25 

75 



2N3444 


20 

60 


dc = I.OAdc, VcE = 5.0 Vdc) 

2N3252 


25 





2N3253 


20 

— 



2N3444 


15 

— 
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2N3252, 2N3253, 2N3444 


ELECTRICAL CHARACTERISTICS (continued) (Ta == 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

Collector-Emitter Saturation Voltage(l) 


VCE(sat) 



Vdc 

(\q = 150 mAdc, Ib = 15 mAdc) 

2N3252 


— 

0.3 



2N3253, 2N3444 


— 

0.35 


dc = 500 mAdc, Ib = 500 mAdc) 

2N3252 




0.5 



2N3253, 2N3444 


— 

0.60 


dC = 1.0 Adc, Ib = 100 mAdc) 

2N3252 




1.0 



2N3253, 2N3444 


— 

1.2 


Base-Emitter Saturation Voltage(l) 


VBE(sat) 



Vdc 

(Ic = 150 mAdc, Ib = 15 mAdc) 



— 

1.0 


dc = 500 mAdc, Ib = 50 mAdc) 



0.7 

1.3 


dc = 1.0 Adc, Ib = 100 mAdc) 



— 

1.8 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 50 mAdc, Vce = 10 Vdc, f = 100 MHz) 2N3252 

2N3253, 2N3444 

fT 

200 

175 

- 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

^obo 

— 

12 

PF 

Input Capacitance 

(Veb = 0.5 Vdc, Ic = 0, f = 100 kHz) 

o 

-Q 

6 

— 

80 

PF 


SWITCHING CHARACTERISTICS 


Delay Time 

Ic = 500 mAdc, Ibi = 50 mAdc 

Vcc ^ 30 V, Vbe = 2.0 V 2N3252 

2N3253, 2N3444 

td 

— 

15 

ns 

Rise Time 

tr 



30 

35 

ns 

Storage Time 

Ic = 500 mAdc, Ibi = Ib 2 50 mAdc 

Vcc = 30 V 

ts 

— 

40 

ns 

Fall Time 

tf 

— 

30 

ns 

Total Control Charge 

dc = 500 mAdc, Ibi = 50 mAdc, Vcc = 30 V) 

Qt 

— 

5.0 

nC 


(1) Pulse Test; Pulse Width = 300 /jls, Duty Cycle = 2.0%. 


FIGURE 1 — TYPICAL STORAGE TIME VARIATIONS 


FIGURE 2 — TYPICAL FALL TIME VARIATIONS 



50 70 100 200 300 500 700 1000 

Ic, COLLECTOR CURRENT (mA) 



50 70 100 200 300 500 700 1000 

Ic, COLLECTOR CURRENT (mA) 
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Vc MAXIMUM COLLECTOR SATURATION VOLTAGE (VOLTS) Vcf, MAXIMUM COLLECTOR SATURATION VOLTAGE (VOLTS) Vc*. MAXIMUM COLLECTOR SATURATION VOLTAGE (VOLTS) 


2N3252, 2N3253, 2N3444 


FIGURE 3 — COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 
aN3252 



2 3 4 5 6 7 8 9 10 15 20 30 40 50 60 70 80 90 100 150 200 

I., BASE CURRENT (mA) 



2 3 4 5 6 7 8 9 10 15 20 30 40 50 60 70 80 90 100 150 200 

l„ BASE CURRENT (mA) 



2 3 4 5 6 7 8 9 10 15 20 30 40 50 60 70 80 90 100 150 200 

li, BASE CURRENT (mA) 
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E, MINIMUM CURRENT GAIN h^t, MINIMUM CURRENT GAIN h„, MINIMUM CURRENT GAIN 


2N3252, 2N3253, 2N3444 


FIGURE 4 — MINIMUM CURRENT GAIN CHARACTERISTICS 
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SATURATION VOLTAGE (VOLTS) CAPACITANCE (pF) TIME (nsec) 


2N3252, 2N3253, 2N3444 


FIGURE 5 — TYPICAL TURN-ON TIME VARIATIONS 
WITH VOLTAGE 


FIGURE 6 — TYPICAL RISE TIME VARIATIONS 
WITH TEMPERATURE 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

(Applicable 0 to 10 mAdc) 





Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

500 

mAdc 



2N3300 

2N3302 


Total Device Dissipation @ T^ = 25°C 

pd 

0.8 

0.36 

Watt 

Derate above 25°C 


4.56 

2.06 

mW/°C 

Total Device Dissipation Tq = 25°C 

Pd 

3.0 

1.8 

Watts 

Derate above 25°C 


17.2 

10.3 

mW/X 

Operating and Storage Junction 

Tj' Tstg 

-65 to +200 

°C 

Temperature Range 





2N3300 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 

3 Collector 



2N3302 



2^1 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 


Refer to 2N2218 for graphs. 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(l) dc = 10 mAdc, Ib = 0) 

VCEO(sus) 

30 

— 

Vdc 

Collector-Base Breakdown Voltage (Ic = 10 yuAdc, Ig = 0) 

V(BR)CBO 

60 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 10 /uAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current (Vce = 50 Vdc, Vbe = 0) 

Ices 

— 

0.01 

/xAdc 

(VcE = 50 Vdc, Vbe = 0, Ta = 150°C) 


— 

10 


Emitter Cutoff Current (Vbe = 3.0 Vdc, Ic = 0} 

'ebo 

— 

10 

nAdc 

Base Current (Vce ^ 30 Vdc, Vbe = 0) 

Ib 

— 

10 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 


hPE 



— 

dc == 0.1 mAdc, Vce = 10 Vdc) 

2N3300, 2N3302 


35 

— 


dc = 1.0 mAdc, Vce = 10 Vdc) 

2N3300, 2N3302 


50 

— 


dc - 10 mAdc, Vce = 10 Vdc)(1) 

2N3300, 2N3302 


75 

— 


dc = 150 mAdc, Vce = 1.0Vdc)(1) 

2 N 3300, 2N3302 


50 

— 


dc = 150 mAdc, Vce = 10 Vdc)(1) 

2N3300, 2N3302 


100 

300 


dc = 500 mAdc, Vce = 10 Vdc)(1) 

2N3300, 2N3302 


50 

— 


Collector-Emitter Saturation Voltage dc = 

150 mAdc, Ib = 15 mAdc) 

VCE(sat) 

— 

0.22 

Vdc 

dc - 

300 mAdc, Ib = 30 mAdc) 

— 

0.45 


dc = 

500 mAdc, Ib = 50 mAdc) 


— 

0.6 


Base-Emitter Saturation Voltage (IC = 

150 mAdc, Ib = 15 mAdc) 

VBE(sat) 

— 

1.1 

Vdc 

dc = 

300 mAdc, Ib = 30 mAdc) 

— 

1.3 


dc = 

500 mAdc, Ib = 50 mAdc) 


— 

1.5 


Base Emitter Voltage (Ic = 150 mA, Vce ' 

= 10 V) 1 

VBE(on) 

— 

1.1 V 

Max 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product dc = 50 mAdc, Vce = 10 Vdc, f = 100 MHz) 

fT 

250 

— 

MHz 

Output Capacitance (VcB = 10 Vdc, Ie = 0, f = 140 kHz) 

Cobo 

— 

8.0 

PF 

Input Capacitance (Vbe = 2.0 Vdc, Ic = 0, f = 140 kHz) 

o 

6 

_ 

20 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time (Vce = 25 Vdc, Ic = 300 mAdc, Ibi = 30 mAdc) ' 

fon 

— 

60 

ns 

Turn-Off Time (Vec = 25 Vdc, Ic = 300 mAdc, Ibi = Ib 2 = 30 mAdc) 

toff 

— 

150 

ns 


(1) Pulse Test; Pulse Width 300 ixs, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N3307 

2N3308 

Unit 

Collector-Emitter Voltage 

VCEO 

35 

25 

Vdc 

Collector-Emitter Voltage 

VCES 

40 

30 

Vdc 

Collector-Base Voltage 

VcBO 

40 

30 

Vdc 

Emitter-Base Voltage 

Vebo 

3.0 

Vdc 

Collector Current — Continuous 

•c 

50 

mAdc 

Total Device Dissipation @ T^ = 25°C 

Pd 

200 

mW 

Derate above 25°C 


1.14 

mW/X 

Total Device Dissipation @ Tq = 25°C 

pd 

300 

mW 

Derate above 25°C 


1.71 

mW/X 

Operating and Storage Junction 

Tj, Tgtg 

- 65 to + 200 

°c 

Temperature Range 






2N3307 

2N3308 

CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 


3 Collector 


1 Emitter 


GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 




ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min I Max 1 Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 2.0 mAdc, Ib = 0) 

2N3307 

2N3308 

V(BR)CEO 

35 

25 

_ 

Vdc 

Collector-Emitter Breakdown Voltage 


V(BR)CES 



Vdc 

dC = 10 ^Adc, Vbe = 0) 

2N3307 


40 

— 



2N3308 


30 

— 


Collector-Base Breakdown Voltage(l) 


V(BR)CBO 



Vdc 

dC = 10 fiAdc, Ie = 0) 

2N3307 


40 

— 



2N3308 


30 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

3.0 

— 

Vdc 

(Ie = 10 fxAdc, Ic = 0) 






Collector Cutoff Current 


'CBO 



fxAdc 

(VcB = 15 Vdc) 



— 

0.010 


(VcB = 15 Vdc, T = 150°C) 

2N3307 


— 

3.0 



ON CHARACTERISTICS 


DC Current Gain 
(VcE = TO Vdc, Ic = 2.0 mAdc) 

2N3307 

2N3308 

hpE 

40 

25 

250 

250 

— 

Collector-Emitter Saturation Voltage 
dC = 3.0 mAdc, Ib = 0.6 mAdc) 


VcE(sat) 

— 

0.4 

Vdc 

Base-Emitter Saturation Voltage 
dC = 3.0 mAdc, Ib = 0.6 mAdc 


VBE(sat) 

— 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(VcE = 10 Vdc, Ic = 2.0 mAdc, f = 100 MHz 

— 

fT 

300 

1200 

MHz 

Maximum Frequency of Operation 


fmax 

Typical 

MHz 

(VcE = 10 Vdc, Ic = 2.0 mAdc) 



2000 


Output Capacitance 


Cobo 



PF 

(VcB = 10 Vdc, Ie = 0, f = 0.1 MHz 

2N3307 


— 

1.3 



2N3308 


— 

1.6 


Small-Signal Current Gain 


hfe 



_ 

(VcE = 10 Vdc, Ic = 2.0 mAdc, f = 1 kHz) 

2N3307 


40 

250 



2N3308 


25 

250 


Collector Base Time Constant 


rb'Cc 



ps 

(VcB = 10 Vdc, Ic = 2.0 mAdc, f = 31.8 MHz) 

2N3307 


2.0 

15 



2N3308 


2.0 

20 
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2N3307, 2N3308 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

Noise Figure 


NF 



dB 

(VcE = 10 Vdc, Ic = 2.0 mAdc, f = 200 MHz) 

2N3307 


— 

4.5 


2N3308 


— 

6.0 



SWITCHING CHARACTERISTICS 


Power Gain(2) 

(VcE = 10 Vdc, Ic = 2.0 mAdc, f = 200 MHz) 

Ge 

17 

— 

dB 

Power Gain (AGC)(2) 

Ge 



dB 

(VcE = 5.0 Vdc, Ic = 20 mAdc, f = 200 MHz) 2N3307 


— 

0 


2N3308 


— 

— 



(1) Cobo '® measured in guarded circuit such that the can capacitance is not included. 

(2) AGC is obtained by increasing Ic- The circuit remains adjusted for VcE = - 10 Vdc, Iq = -2 mAdc operation. 


FIGURE 1 — COMMON EMITTER AVERAGE SMALL POWER 
GAIN & NOISE FIGURE versus COLLECTOR CURRENT 


FIGURE 2 — NOISE FIGURE versus FREQUENCY 
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2N3425 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

Vdc 

Collector-Emitter Voltage 

VCER 

20 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 


One Die 

Both Die 


Total Device Dissipation @ Ta = 25°C 

Pd 

0.3 

0.4 

Watt 

Derate above 25°C 


1.72 

2.28 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

0.75 

1.5 

Watts 

Derate above 25°C 


4.3 

8.55 

mW/°C 

Operating and Storage Junction 

Tj» Tstg 

-65 to +200 

°C 

Temperature Range 





CASE 654-07, STYLE 1 


Collector 1 7 Collector 



DUAL 

AMPLIFIER TRANSISTORS 

NPN SILICON 


Refer to MD2369,A,B for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) (Iq = 30 mAdc, RgE 10 ohms) 

VCER(sus) 

20 

— 

Vdc 

Collector-Emitter Sustaining Voltage(l) (Ic = 10 mAdc, Ib = 0) 

VCEO(sus) 

15 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 10 /lAdc, 1^ = 0) 

V(BR)CBO 

40 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 10 /tAdc, Iq = 0) 

V(BR)EB0 

5.0 

— 

Vdc 

Collector Cutoff Current (Vqe = 20 Vdc, VEB(off) = 0.25 Vdc, Ta = 125°C) 

ICEX 

— 

15 

/tAdc 

Collector Cutoff Current (Vqb = 20 Vdc, Ie = 0) 

'CBO 

— 

0.025 

/iAdc 

(VcB = 20 VDc, Ie = 0, Ta = 150°C) 


— 

15 


Emitter Cutoff Current (Veb = 4.0 Vdc, Ic = 0) 

Iebo 

- 

0.2 

/lAdc 


ON CHARACTERISTICS 


DC Current Gain (\q = 0.5 mAdc, Vqe = 10 Vdc) 
dC = 10 mAdc, VcE = 1-0 Vdc) 
dC = 10 mAdc, VcE = 1-0 Vdc, Ta = -55°C) 

hpE 

12 

30 

12 

120 

— 

Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 


— 

0.4 


dC = 7.0 mAdc, Ib = 0.7 mAdc, Ta = -55°C to +125°C) 


— 

0.5 


Base-Emitter Saturation Voltage (Iq = 10 mAdc, Ib = 1.0 mAdc) 

VBE(sat) 

0.7 

0.85 

Vdc 

(Ic = 7.0 mAdc, Ib = 0.7 mAdc, Ta = -55°C) 


— 

0.9 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (Ic = 20 mAdc, Vqe = 10 Vdc, f = 100 MHz) 

h 

300 


MHz 

Output Capacitance (Vqb = 10 Vdc, Ie = 0, f = 140 kHz) 

Cobo 

— 

6.0 

PF 

Input Capacitance (Vbe = 0.5 Vdc, Ic = 0, f = 140 kHz) 

Cibo 

— 

9.0 

PF 

Small-Signal Current Gain (Ic = 10 mAdc, VcE = 1-0 Vdc, f == 1.0 kHz) 

hfe 

20 

— 

— 

Real Part of Input Impedance (Ic = 10 mAdc, VcE = 10 Vdc, f = 300 MHz) 

Re(hj0) 

— 

50 

Ohms 


SWITCHING CHARACTERISTICS 


Storage Time 

dC = 10 mAdc, Ibi = 10 mAdc, Ib 2 = 10 mAdc) 

Is 

- 

40 

ns 

Turn-On Time 

(Vcc = 3.0 Vdc, VEB(off) = 2.0 Vdc, Ic = 10 mAdc, Ibi = 3.0 mAdc) 

Ion 

— 

50 

ns 

Turn-Off Time 

(Vcc = 3.0 Vdc, Ic = 10 mAdc, Ibi = 3.0 mAdc, Ib 2 = 1-0 mAdc) 

toff 

— 

90 

ns 


(1) Pulse Test; Pulse Width 300 /as, Duty Cycle 1.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

pr 

2N5415 

JP 

2N5416 

Nf 

2N3439 

>N 

2N3440 

Unit 

Collector-Emitter Voltage 

VCEO 

200 

300 

350 

250 

Vdc 

Collector-Base Voltage 

VCBO 

200 

350 

450 

300 

Vdc 

Emitter-Base Voltage 

vebo 

4.0 

6.0 

7.0 

7.0 

Vdc 

Base Current 

Ib 

0.5 

Adc 

Collector Current — 
Continuous 

>c 

1.0 

Adc 

Total Device Dissipation 
@ Ta = 25°C 

Derate above 25°C 

Pd 

- 

1.0 

5.7 

Watts 

mW/X 

Total Device Dissipation 
@ Tc = 25°C 

Derate above 25°C 

Pd 

10 

57 

5.0 

28.6 

Watts 

mW/X 

Total Device Dissipation 
@ Ta = BOX 

Derate above SOX 

Pd 

1.0 

6.7 

- 

Watts 

mW/X 

Operating and Storage 
Junction Temperature 
Range 

Tj' Tstg 

- 65 to + 200 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

2N5415 

2N5416 

2N3439 

2N3440 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

17.5 

35 

X/W 

Thermal Resistance, Junction to Ambient 

R0JA 

150 

175 

x/w 


NPN PNP 
2N3439 2N5415 

2N3440 2N5416 



JAN, JTX, JTXV AVAILABLE 
CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 



HIGH VOLTAGE AMPLIFIERS 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


1 

Characteristic 

1 Symbol | 

Min 

1 Max 

Unit 1 

OFF CHARACTERISTICS 







Collector-Emitter Sustaining Voltage(l) 
dC = 50 mAdc, Ib = 0) 

2N5415 

2N5416 

2 N 3439 

2N3440 

VCEO(sus) 

200 

300 

350 

250 

- 

Vdc 

*Col lector Cutoff Current 


'CEO 



jxAdc 

(VcE = 300 Vdc, Ib = 0) 

2N3439 


— 

20 


(VcE = 200 Vdc, Ib = 0) 

2N3440 


— 

50 


^Collector Cutoff Current 


'CEX 



IxAdc 

(VcE = 450 Vdc, Vbe = 1-5 Vdc) 

2N3439 


— 

500 


(VcE = 300 Vdc, Vbe = 1.5 Vdc) 

2N3440 


— 

500 


Collector Cutoff Current 


•CBO 



fiAdc 

(VcB = 175 Vdc, Ie = 0) 

2N5415 


— 

50 


(VcB = 280 Vdc, Ie = 0) 

2N5416 


— 

50 


(VcB = 360 Vdc, Ie = 0) 

2N3439 


— 

20 


(VcB = 250 Vdc, Ie = 0) 

2N3440 


— 

20 


Emitter Cutoff Current 


'ebo 



juAdc 

(Veb = 4.0 Vdc, Ic = 0) 

2N5415 


— 

20 


(Veb = 6.0 Vdc, Ic = 0) 

2N5416, 2N3439, 2N3440 


— 

20 



ON CHARACTERISTICSd) 


DC Current Gain 

dC = 2.0 mAdc, Vqe = 10 Vdc) 

*dC = 20 mAdc, Vqe = 10 Vdc) 

*dc = 50 mAdc, VcE = 10 Vdc) 

2N3439 

2N3439, 2N3440 

2N5415 

2N5416 

hpE 

30 

40 

30 

30 

160 

150 

120 


Collector-Emitter Saturation Voltage 
dC = 50 mAdc, Ib = 4.0 mAdc) 

2N3439, 2N3440 

VCE(sat) 

— 

0.5 

Vdc 

Base-Emitter Saturation Voltage 
dC = 50 mAdc, Ib = 4.0 mAdc) 

2N3439, 2N3440 

VBE(sat) 

1 

— 

1.3 

Vdc 


^Indicates Data in Addition to JEDEC Requirements. 
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2N3439, 2N3440 NPN / 2N5415, 2N5416 PNP 


ELECTRICAL CHARACTERISTICS (continued) (T/^ = 25°C unless otherwise noted.) 

Characteristic | 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product 

dC = 10 mAdc, VcF - 10 Vdc, f = 5.0 MHz) 2N3439, 2N3440 

Output Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 2N5415, 2N5416. 


2N5415, 2N5416. 
2N3439, 2N3440 


Input Capacitance 

(Veb = 5.0 Vdc, Ic = 0, f = 1.0 MHz) 

I 

Small-Signal Current Gain 
dC = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

dC = 10.0 mAdc, VcE = 10 Vdc, f = 5.0 MHz) 2N5415, 2N5416 

Real Part of Input Impedance 

(VCE = 10 Vdc, Ic = 5.0 mAdc, f = 1.0 MHz) 

(1) Pulse Test; Pulse Width ^ 300 /is. Duty Cycle < 2.0%. 

CAUTION: The sustaining voltage must not be measured on a curve tracer. (See Fig. 15.) 


■ 



PW= 10 /us 
Duty Cycles = 1 0% 


FIGURE 1 — SWITCHING TIMES TEST CIRCUIT 

9+VCC 



Rb 



\ 160 k 
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L i 

1 MSD6100 
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51 
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lJ 


NOTE; Vqc adjusted for VQ£(off) = 150 V and Iq 

as desired, R b chosen for desired Ibi, Vi 5=a10 V, V 2 

For td and D1 is disconnected 
and Vo = 2.0 V 


For PNP test circuit, 
reverse all polarities. 


PNP 

2N5415, 2N5416 


~tr@VCE(off) = 150Vrza 


FIGURE 2 — TURN-ON TIME 

1000 , 


NPN 

2N3439, 2N3440 


:ic/ib = 5.o = = 
- Ic/lB = 10 


-tr@VcE(off) = 150 V_ 




Ic, COLLECTOR CURRENT (mA) 


Ic, COLLECTOR CURRENT (mA) 


smsm m mwmmmm 


FIGURE 3 — TURN-OFF TIME 


iSa iSBM BMHi 



Ic, COLLECTOR CURRENT (mA) 


ts@ Ic/lB = 5.0 to 10 


tf@VCE{off)= 150 V 


: ic/ib = 5.o - 

IC/lB = 10 - 

lB1 = lB2 " 
I Tj = 250 c - 




Ic, COLLECTOR CURRENT (mA) 
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2N3439, 2N3440 NPN / 2N5415, 2N5416 PNP 


FIGURE 4 — CURRENT-GAIN — BANDWIDTH PRODUCT 
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FIGURE 5 — CAPACITANCE 
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FIGURE 6 — THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 7 — ACTIVE-REGION SAFE OPERATING AREA 
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VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2N3439, 2N3440 NPN / 2N5415, 2N5416 PNP 


FIGURE 8 — POWER DERATING 


There are two limitations on the power handling ability of a 
transistor, average junction temperature and second breakdown. 
Safe operating area curves indicate IC'^CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 7 is based on Tj(p|^) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(pk) <200°C. Tj(pk) may be 
calculated from the data in Figure 6. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415). 


NPN 

2N3439 2N3440 

FIGURE 9 — DC CURRENT GAIN 



40 80 120 160 

Tc, CASE TEMPERATURE (OC) 


PNP 

2N5415, 2N5416 



0.5 1.0 2.0 5.0 10 20 50 100 200 500 

IC, COLLECTOR CURRENT (mA) 
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Ic, COLLECTOR CURRENT (nA) 0V, TEMPERATURE COEFFICIENTS (mV/oC) V, VOLTAGE (VOLTS) 


2N3439, 2N3440 NPN / 2N5415, 2N5416 PNP 


FIGURE 11 — “ON" VOLTAGES 




2.0 3.0 5.0 10 20 30 50 100 200 

Ic, COLLECTOR CURRENT (mA) 


FIGURE 12 — TEMPERATURE COEFFICIENTS 



2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 

Ic, COLLECTOR CURRENT (mA) 



FIGURE 13 — COLLECTOR CUTOFF REGION 



+ 0.4 + 0.3 + 0.2 + 0.1 0 - 0.1 - 0.2 - 0.3 - 0.4 - 0.5 - 0.6 

VbE, BASE-EMITTER VOLTAGE (VOLTS) 



- 0.4 - 0.3 - 0.2 - 0.1 0 + 0.1 + 0.2 + 0.3 + 0.4 + 0.5 + 0.6 


Vbe, base-emitter voltage (VOLTS) 
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2N3444 


For Specifications, See 2N3252 Data. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N3467 

2N3468 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

50 

Vdc 

Collector-Base Voltage 

VCBO 

40 

50 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

1.0 

Adc 

Total Device Dissipation @ Ta = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


5.71 

mW/X 

Total Device Dissipation @ Tc = 25°C 

Pd 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/°C 

Operating and Storage Junction 

Tj' Tstg 

-65 to +200 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

35 

X/W 

Thermal Resistance, Junction to Ambient 

R0JA 

0.175 

X/mW 


2N3467 

2N3468 

JAN, JTX, JTXV AVAILABLE 
CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 


3 Collector 


1 Emitter 

SWITCHING TRANSISTORS 

PNP SILICON 




ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min [ Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dc = 10 mAdc, Ib = 0) 

2N3467 

2N3468 

V(BR)CEO 

40 

50 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dc = 10 /iAdc, Ie = 0) 

2N3467 


40 

— 



2N3468 


50 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

_ 

Vdc 

(Ie = 10 fjiAdc, Ic = 0) 






Base Cutoff Current 


'bev 

_ 

120 

nAdc 

(VcE = -30 Vdc, Vbe = 3.0 Vdc) 






Collector Cutoff Current 


ICEX 

— 

100 

nAdc 

(VcE = -30 Vdc, Vbe = 3.0 Vdc) 






Collector Cutoff Current 


ICBO 



/LtAdc 

(VcB = 30 Vdc, Ie = 0) 



— 

0.10 


(VcB = 30 Vdc, Ie = 0, Ta = 100X) 



— 

15 



ON CHARACTERISTICS 


DC Current Gain(1) 


hpE 



_ 

dc = 150 mAdc, VcE = 10 Vdc) 

2N3467 


40 

_ 



2N3468 


25 

— 


dc = 500 mAdc, Vce = 10 Vdc) 

2N3467 


40 

120 



2N3468 


25 

75 


dc = 1.0 Adc, Vce = 5.0 Vdc) 

2N3467 


40 





2N3468 


20 

— 


Collector-Emitter Saturation Voltage(l) 


VCEIsat) 



Vdc 

dc =150 mAdc, Ib = 15 mAdc) 

2N3467 

— 

0.3 


2N3468 


— 

0.36 


dc = 500 mAdc, Ib = 50 mAdc) 

2N3467 




0.5 



2N3468 


— 

0.6 


dc = 1.0 Adc, Ib = 100 mAdc) 

2N3467 




1.0 



2N3468 


— 

1.2 


Base-Emitter Saturation Voltage! 1) 


VBE(sat) 



Vdc 

dc = 150 mAdc, Ib = 15 mAdc) 



— 

1.0 


dc = 500 mAdc, Ib = 50 mAdc) 



0.8 

1.2 


dc = 1.0 Adc, Ib = 100 mAdc) 



— 

1.6 
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2N3467, 2N3468 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max ~| Unit 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) 

2N3467 

2N3468 

fT 

175 

150 

- 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 


^obo 

— 

25 

PF 

Input Capacitance 

(Veb = 0.5 Vdc, Ic = 0, f = 100 kHz) 


Cibo 


100 

pF 


SWITCHING CHARACTERISTICS 


Delay Time 

dC = 500 mA, Ibi = 50 mA, Vbe = 

2.0 V, Vcc = 30 V) 

td 

— 

10 

ns 

Rise Time 

tr 

— 

30 

ns 

Storage Time 

dC = 500 mA, Ibi = Ib 2 50 mA, Vcc = 30 V) 

^s 

— 

60 

ns 

Fall Time 

tf 

— 

30 

ns 

Total Control Charge 
dC = 500 mA, Ib = 50 mA, Vcc = 30 V) 

Qt 

— 

6.0 

nC 


(1) Pulse Test: PW 300 /xs. Duty Cycle ^ 2.0%. 


FIGURE 1 — STORAGE TIME VARIATION WITH TEMPERATURE 



50 70 100 200 300 500 700 1000 

Ic, COLLECTOR CURRENT (mA) 
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MINIMUM CURRENT GAIN MINIMUM CURRENT GAIN 


2N3467, 2N3468 


FIGURE 3 — MINIMUM CURRENT GAIN CHARACTERISTICS 
2N3467 



2N3468 



50 70 100 200 300 500 700 1000 

Ic, COLLECTOR CURRENT (mA) 
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2N3485, /V/2N3486, A 

For Specifications, See 2N2904,A Data. 


^Indicates Data in addition to JEDEC Requirements. 

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

I Characteristic | Symbol I Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 10 mAdc, Ib = 0) 

2N3494, 2N3496 
2N3495, 2N3497 

V(BR)CEO 

80 

120 

- 

Vdc 

Co Hector- Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dC = 10 /xAdc, Ie = 0) 

2N3494, 2N3496 


80 

— 



2N3495, 2N3497 


120 

— 


Emitter-Base Breakdown Voltage 


V{BR)EBO 

4.5 

— 

Vdc 

(Ie = 10 ^Adc, Ic = 0) 






Collector Cutoff Current 


ICBO 



nAdc 

(VcB = 50 Vdc, Ie = 0) 

2N3494, 2N3496 


— 

100 


(VcB = 90 Vdc, Ie = 0) 

2N3495, 2N3497 


— 

100 


Emitter Cutoff Current 


'ebo 

— 

25 

nAdc 

(Vbe = 3.0 Vdc, Ic = 0) 







ON CHARACTERISTICS 


DC Current Gain(1) 
dC = 100 jmAdc, VcE = 10 Vdc) 
dC = 1.0 mAdc, VcE = 10 Vdc) 
dC = 10 mAdc, VcE = 10 Vdc) 
dC = 50mAdc, VcE = 10 Vdc) 
dC = 100 mAdc, VcE = 10 Vdc) 

2N3494, 2N3496 

hpE 

35 

40 

40 

40 

35 

- 

_ 

Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 

2N3494, 2N3496 
2N3495, 2N3497 

VCE(sat) 

- 

0.3 

0.35 

Vdc 

Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 


VBE(sat) 

0.6 

0.9 

Vdc 


SMALL'SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 20 mAdc, Vqe = 10 Vdc, f = 100 MHz) 

2N3494, 2N3496 
2N3495, 2N3497 


200 

150 

- 

MHz 

Output Capacitance 


Cobo 



pF 

(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

2N3494, 2N3496 


— 

7.0 



2N3495, 2N3497 


— 

6.0 


Input Capacitance 


o 

6 

— 

30 

PF 

(Vbe = 2.0 Vdc, Ic = 0, f = 100 kHz) 







MAXIMUM RATINGS 


Rating 

Symbol 

2N3494 

2N3496 

2N3495 

2N3497 

Unit 

Collector-Emitter Voltage 

VCEO 

80 

120 

Vdc 

Collector-Base Voltage 

VCBO 

8° 

120 

Vdc 

Emitter-Base Voltage 

Vebo 

4.5 

Vdc 

Collector Current — Continuous 

Ic 

100 

mAdc 



2N3494 

2N3495 

2N3496 

2N3497 


Total Device Dissipation @ = 25°C 

Derate above 25°C 

Pd 

600 

3.43 

400 

2.28 

mW 

mW/°C 

Total Device Dissipation @ Tc = 25°C* 
Derate above 25°C 

Pd 

3,0 

17.2 

1.2 

6.85 

Watts 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj/ Tstg 

-65 to +200 

°C 


2N3494 
2N3495 

I CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 


2N3496 
2N3497 

I CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 



2^1 
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2N3494 thru 2N3497 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Input Impedance 

dC = 10 mAdc, VcE = 10 Vdc, f - 1.0 kHz) 

hie 

0.1 

1.2 

k ohms 

Voltage Feedback Ratio 
dC = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hre 

— 

2.0 

X 10-4 

Small-Signal Current Gain 
dC = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hfe 

40 

300 

— 

Output Admittance 

(Iq = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hoe 

— 

300 

/Limhos 

Real Part of Input Impedance 
dc = 20 mAdc, Vqe = 10 Vdc, f = 300 MHz) 

Re(hje) 

— 

30 

Ohms 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 30 Vdc, Ic = 10 mAdc, Ibi = 1.0 mAdc) 

ton 

— 

300 

ns 

Turn-Off Time 

(Vcc = 30 Vdc, Ic = 10 mAdc, Ibi = Ib 2 = 1-0 mAdc) 

toff 

— 

1000 

ns 


(1) Pulse Test: Pulse Width ^ 300 fxs, Duty Cycle = 2.0%. 

(2) fj is defined as the frequency at which |hfe| extrapolates to unity. 


FIGURE 1 - TURN-ON TIME TEST CIRCUIT 


FIGURE 2 - TURN-OFF TIME TEST CIRCUIT 



— *4 ti 


tr < 10 ns 
ti < lOps 

DUTY CYCLE <2.0% 


-AAA/— — ( — ) ..^nCs<3 0pF 

10k ^ ^ 




Iq— COLLECTOR CURRENT (mA) 



0 25 50 75 100 125 

Ta = FREE-AIR TEMPERATURE (°C) 




-0.1 -1.0 -10 -100 -0 4 -1.0 -4.0 -10 -40 -100 

IC— COLLECTOR CURRENT (mA) Iq— COLLECTOR CURRENT (mA) 
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, GAIN BANDWIDTH PRODUCT (MHz) 


2N3494 thru 2N3497 


FIGURE 7 — versus Ic 


FIGURE 8 — CqbO versus VcB 



1.0 5.0 10 50 100 

Ic — collector current (mA) 



FIGURE 9 — C|BO versus Veb 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N3498 

2N3499 

2N3500 

2N3501 

Unit 

Collector-Emitter Voltage 

VCEO 

100 

150 

Vdc 

Collector-Base Voltage 

VCBO 

100 

150 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

Vdc 

Collector Current — Continuous 

•c 

500 

300 

mAdc 

Total Device Dissipation @ = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


5.71 

mW/°C 

Total Device Dissipation @ T^ = 25°C 

Pd 

5.0 

Watts 

Derate above 25°C 


28.6 

rnWrC 

Operating and Storage Junction 

Tj' ^stg 

- 65 to -1- 200 

X 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

35 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

175 

x/w 


2N3498 thru 2N3501 

JAN, JTX, JTXV AVAILABLE 
CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 



GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | UnlT 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

2N3498, 2N3499 

V(BR)CEO 

100 

_ 

— 

Vdc 

dc = 10 mAdc, Ib = 0) 

2N3500, 2N3501 

150 

— 

— 


Collector-Base Breakdown Voltage 

2N3498, 2N3499 

V(BR)CBO 

100 


— 

Vdc 

dc = 10 /tAdc, Ie = 0) 

2N3500, 2N3501 

150 

— 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

6.0 

— 

— 

Vdc 

(Ie = 10 fxAdc, Ic = 0) 




— 

— 


Collector Cutoff Current 


'CBO 




^Adc 

(VcB = 50 Vdc, Ie = 0) 

2N3498, 2N3499 


— 

— 

0.050 


(VcB = 50 Vdc, Ie = 0, Ta = 150X) 



— 

— 

50 


(VcB = 75 Vdc, Ie = 0) 

2N3500, 2N3501 


— 

— 

0.050 


(VcB = 75 Vdc, Ie = 0, Ta = 150X) 



— 

— 

50 


Emitter Cutoff Current 


Iebo 

— 

_ 

25 

nAdc 

(VBE(off) = 4.0 Vdc, Ic = 0) 








ON CHARACTERISTICS 


DC Current Gain 


hpE 




_ 

dc = 0.1 mAdc, VcE = 10 Vdc) 

2N3498, 2N3500 


20 

— 

— 



2N3499, 2N3501 


35 

— 

— 


dc = 1.0 mAdc, VcE = 10 Vdc) 

2N3498, 2N3500 


25 

_ 

_ 



2N3499, 2N3501 


50 

— 

— 


dc = 10 mAdc, VcE = 10 Vdc) 

2N3498, 2N3500 


35 






2N3499, 2N3501 


75 

— 

— 


dc = 150 mAdc, VcE = 10 Vdc) 

2N3498, 2N3500 


40 

— 

120 



2N3499, 2N3501 


100 

— 

300 


(Ic = 300 mAdc, Vce = 10 Vdc) 

2N3500 


15 






2N3501 


20 

— 

— 


dc = 500 mAdc, VcE = 10 Vdc) 

2N3498 


15 

_ 

_ 



2 N 3499 


20 

— 

— 


Collector-Emitter Saturation Voltage 


VCE(sat) 




Vdc 

(Ic = 10 mAdc, Ib = 1-0 mAdc) 

All Types 


— 

“ 

0.2 


(Ic = 50 mAdc, Ib = 5.0 mAdc) 

All Types 


— 

— 

0.25 


dc =150 mAdc, Ib = 15 mAdc) 

2N3500, 2N3501 


— 

— 

0.4 


dc = 300 mAdc, Ib = 30 mAdc) 

2N3498, 2N3499 


— 

— 

0.6 
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2N3498 thru 2N3501 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Base-Emitter Saturation Voltage 


VBE{sat) 




Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 

All Types 


— 

— 

0.8 


dC = 50 mAdc, Ib = 5.0 mAdc) 

All Types 


— 

— 

0.9 


(Ic = 150 mAdc, Ib = 15 mAdc) 

2N3500, 2N3501 


— 

— 

1.2 


dC = 300 mAdc, Ib = 30 mAdc) 

2N3498, 2N3499 


— 

— 

1.4 



SMALL-SIGNAL CHARACTERISTICS 


SWITCHING CHARACTERISTICS 


Delay Time 

dC = 150 mAdc, Ibi = 15 mAdc, Vqc = 100 Vdc, VBE(off) = 2.0 Vdc) 

td 

— 

20 

— 

ns 

Rise Time 

dC = 150 mAdc, Ibi = 15 mAdc, Vcc =100 Vdc, VBE(off) 2.0 Vdc) 

tr 

— 

35 

— 

ns 

Storage Time 

dC = 150 mAdc, Ibi = Ib2 = 15 mAdc, Vcc = 100 Vdc) 

Is 


800 

— 

ns 

Fall Time 

dC = 150 mAdc, Ibi = Ib 2 = 15 mAdc, Vcc = 100 Vdc) 

tf 


80 

— 

ns 


(1) Pulse Test; Pulse Width ^ 300 /xs, Duty Cycle ^ 2.0%. 

(2) fx = |hfel • ftest- 


Current-Gain — Bandwidth Product(2) 

(VcE = 20 Vdc, Ic = 20 mAdc, f = 100 MHz) 

fr 

150 

— 

- 

MHz 

Output Capacitance 

2N3498, 2N3499 

^obo 

— 

_ 

10 

PF 

(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

2N3500, 2N3501 


— 

— 

8.0 


Input Capacitance 


Cibo 

— 

— 

80 

PF 

(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 







Input Impedance 

2N3498, 2N3500 

hie 

0.2 

— 

1.0 

k ohms 

dC = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

2N3499, 2N3501 


0.25 

— 

1.25 


Voltage Feedback Ratio 

2N3498, 2N3500 

*^re 

— 

_ 

2.5 

X 10-4 

dC = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

2N3499, 2N3501 


— 

— 

4.0 


Small-Signal Current Gain 

2N3498, 2N3500 

l^fe 

50 

_ 

300 



dC = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

2N3499, 2N3501 


75 

— 

375 


Output Admittance 

2N3498, 2N3500 

•^oe 

— 

— 

100 

/imhos 

dC = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

2N3499, 2N3501 


— 

— 

200 



FIGURE 1 - CURRENT GAIN CHARACTERISTICS versus JUNCTION TEMPERATURE 

2N3498 
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)c, COLLECTOR CURREMT (mA) 


FIGURE 2 - CURRENT GAIN CHARACTERISTICS versus COLLECTOR-EMITTER VOLTAGE 






IC, COLLECTOR CURRENT (mA) 


FIGURE 3 - CURRENT GAIN CHARACTERISTICS versus JUNCTION TEMPERATURE 

2N3500 
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hpE, DC CURRENT GAIN (NORMALIZED) hpE, DC CURRENT GAIN 


2N3498 thru 2N3501 
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Ov, TEMPERATURE COEFFICIENT (mV/oC) 


2N3498 thru 2N3501 



1 0 2 0 5 0 10 20 50 100 200 500 

IC, COLLECTOR CURRENT (mA) 




0 1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 

REVERSE BIAS VOLTAGE (VOLTS) 
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, INPUT IMPEDANCE (k OHMS) SMALL-SIGNAL CURRENT GAIN 


2N3498 thru 2N3501 


AUDIO SMALL-SIGNAL h PARAMETER CHARACTERISTICS 

(VcE = 10 Vdc,TA= 25°C.f = 1.0 kHz) 

FIGURE 8 - CURRENT GAIN FIGURE 9 - OUTPUT IMPEDANCE 



FIGURE 10 - INPUT IMPEDANCE 





IC. COLLECTOR CURRENT (mA) 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N3506 

2N3507 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

50 

Vdc 

Collector-Base Voltage 

VCBO 

60 

80 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

'c 

3.0 

Adc 

Total Device Dissipation @ Ta = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


5.71 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/X 

Operating and Storage Junction 

Tj' Tstg 

-65 to +200 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

35 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

175 

x/w 



ELECTRICAL CHARACTERISTICS {Tj\ = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 1 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage! 1) 

2N3506 

V(BR)CEO 

40 

— 

Vdc 

(IC = 10 mAdc, pulsed, Ig = 0) 

2N3507 


50 

— 


Collector-Base Breakdown Voltage 

2N3506 

V(BR)CBO 

60 

— 

Vdc 

dC = 100 /xAdc, Ie = 0) 

2N3507 


80 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 10 fiAdc, Ic = 0) 






Collector Cutoff Current 


ICEX 


— 

fiAdc 

(VcE = 40 Vdc, VEB(off) = 4.0 Vdc) 

2N3506 


— 

1.0 


(VcE = 40 Vdc, VEB(off) = 4.0 Vdc, Ta = 100X) i 


— 

150 


(VcE = 60 Vdc, VEB(off) = 4.0 Vdc) 

2N3507 


— 

1.0 


(VcE = 60 Vdc, VEB(off) = 4.0 Vdc, Ta = 100X) 


— 

150 


Base Cutoff Current 

1 

>BL 



IxAdc 

(VcE = 40 Vdc, VEBloff) = 4.0 Vdc) 

2N3506 


— 

1.0 


(VcE = 60 Vdc, VEB(off) = 4.0 Vdc) 

2N3507 


— 

1.0 


ON CHARACTERISTICS 

DC Current Gain(l) 


hPE 



_ 

dC = 500 mAdc, Vqe = 1-0 Vdc) 

2N3506 


50 

— 



2N3507 


35 

— 


dC = 1.5 Adc, VcE = 2.0 Vdc) 

2N3506 


40 

200 



2N3507 


30 

150 


dC = 2.5 Adc, VcE = 3.0 Vdc) 

2N3506 


30 

— 



2N3507 


25 

— 


dC = 3.0 Adc, VcE = 5.0 Vdc) 

2N3506 


25 

— 



2N3507 


20 

— 


Collector-Emitter Saturation Voltage(l) 

dC = 500 mAdc, Ib = 50 mAdc) 

VCE(sat) 

— 

0.5 

Vdc 


dC = 1.5 Adc, Ib = 150 mAdc) 


— 

1.0 



dC = 2.5 Adc, Ib = 250 mAdc) 


— 

1.5 


Base-Emitter Saturation Voltage(l) 

(IC = 500 mAdc, Ib = 50 mAdc) 

VBE(sat) 

— 

1.0 

Vdc 


(Ic = 1.5 Adc, Ib = 150 mAdc) 


0.9 

1.4 



dC = 2.5 Adc, Ib = 250 mAdc) 


— 

2.0 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (Ic = 100 mAdc, VcE = 5 Vdc, f = 20 MHz) ^ 

fT 

60 

— 

MHz 

Output Capacitance (Vcb = 10 Vdc, Ie = 0, f = 100 kHz) , 

Cobo 

— 

40 

PF 

Input Capacitance (Vbe = 3 Vdc, Ic = 0, f = 100 kHz) 

Qbo 

— 

300 

PF 
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2N3506, 2N3507 


ELECTRICAL CHARACTERISTICS (continued) (T^ = 25°C unless otherwise noted.) 


Characteristic 


SWITCHING CHARACTERISTICS 


Delay Time 

Ic = 1.5 Adc, Ibi = 150 mAdc 

td 

— 

15 


IS 

Rise Time 

Vcc = 30 V, Veb = 0 V 

tr 

— 

30 


IS 

Storage Time 

Ic = 1-5 Adc, Ibi = Ib 2 = 150 mAdc 

.^s 

— 

55 

r 

IS 

Fall Time 

Vcc = 30 V 

.f 

- 

35 

r 

IS 


(1) Pulse Test: Pulse Width ^ 300 /xs, Duty Cycle = 2.0%. 


FIGURE 1 — SATURATION VOLTAGES 


FIGURE 2 — SWITCHING TIMES 
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Vcc = 30V 

Vt8 = 2V 

Ic=10Ib. 

l•.=lM 

J Tj=25“C 

ItrilM 


Ic. COLLECTOR CURRENT (Adc) 


ISSii 


Ic. COLLECTOR CURRENT (Adc) 


FIGURE 3 — CURRENT GAIN CHARACTERISTICS 
2N3506 2N3507 

— — ■■ r r -[-| 1 1 200 1 1 1 — r 

2N3506 I I 

. — ^ 1 1 Tj = l25*C 


PBlSl 


!S3 




Ic, COLLECTOR CURRENT (Adc) 


Ic. COLLECTOR CURRENT (Adc) 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

12 

Vdc 

Collector-Base Voltage 

VCBO 

15 

Vdc 

Emitter-Base Voltage 

Vebo 

4.5 

Vdc 

DC Collector Current 

ic 

200 

mAdc 

Total Device Dissipation (w = 25°C 

Pd 

0.36 

Watt 

Derate above 25°C 


2.06 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

pd 

1.2 

Watts 

Derate above 25°C 


6.9 

mW/°C 

Operating and Storage Temperature 

I'j' Tstg 

- 65 to + 200 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

0.15 

°C/W 

Thermal Resistance, Junction to Ambient 

R0JA 

0.49 

°c/w 



ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted.) 

Characteristic | Symbol V Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) (Ic = 10 mAdc, \q = 0) 

V(BR)CEO 

12 

— 

Vdc 

Collector-Base Breakdown Voltage dc = 10 yitAdc, Ig = 0) 

V(BR)CBO 

15 

— 

Vdc 

Emitter-Base Breakdown Voltage (If = 10 ixAdc, Iq = 0) 

V(BR)EBO 

4.5 

— 

Vdc 

Base Cutoff Current (Vqe = 10 Vdc, VeEioff) = 3.0 Vdc) 

Ibev 

_ 

0.10 

/LtAdc 

Collector Cutoff Current (Vqe = 10 Vdc, VgEfoff) = 3.0 Vdc) 

ICEX 

— 

0.010 

/iAdc 

Collector Cutoff Current (VcB = 10 Vdc) 

'CBO 

— 

0.010 

ixAdc 

(VcB = 10 Vdc, Ta = 150°C) 


— 

10 



ON CHARACTERISTICS 


DC Current Gain (1 ) 

(Ic = 1-0 mAdc, VcE = 1-0 Vdc) 

dc = 10 mAdc, VcE = 1-0 Vdc) 

dc = 10 mAdc, VcE = 1-0 Vdc, Ta = -55°C) 

dc = 50 mAdc, VcE = 10 Vdc) 

dc = 100 mAdc, VcE = 1-0 Vdc) 

hpE 

20 

30 

15 

25 

15 

120 


Collector-Emitter Saturation Voltage (1) 

VCE(sat) 



Vdc 

(Ic = 10 mAdc, Ib = 10 mAdc) 


— 

0.15 


(Ic = 50 mAdc, Ib = 5.0 mAdc) 


— 

0.25 


dc =100 mAdc, Ib = 10 mAdc) 


— 

0.50 


Base-Emitter Saturation Voltage (1) 

VBE(sat) 



Vdc 

(Ic = 10 mAdc, Ib = 10 mAdc) 


0.7 

0.9 


(Ic = 50 mAdc, Ib = 5.0 mAdc) 


0.8 

1.3 


(Ic = 100 mAdc, Ib = 10 mAdc) 


z: 1 

1.6 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

^T 

700 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, 1 e = 0, f = 1.0 MHz) 

Cobo 

— 

6.0 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

^ibo 

1 

5.0 

PF 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


3-133 





2N3546 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | UnjT 


SWITCHING CHARACTERISTICS 


Delay Time 

IC = 50 mA, Ibi = 5 .0 mA 

Vbe = 2.0 V, Vcc = 3.0 V 

td 

— 

10 

ns 

Rise Time 

tr 

— 

15 

ns 

Storage Time 

Ic = 50 mA, Ibi = Ib2 ^ ^ 

Vcc = 3.0 V 

fs 

— 

20 

ns 

Fall Time 

tf 

— 

15 

ns 

Turn-On Time 


ton 

— 

40 

ns 

Turn-Off Time 

toff 

— 

30 

ns 

Total Control Charge 
dC = 50 mA, Ib = 5.0 mA, Vcc = 3.0 V) 


— 

400 

1 

pC 


(1) Pulse Test; PW = 300 iis, Duty Cycle ^ 2.0%. 


3 


FIGURE 1 — LIMITS OF SATURATION VOLTAGES 


FIGURE 2 — STORAGE TIME BEHAVIOR 




FIGURE 3 — DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 


-3 V 



PULSE WIDTH = 200 ns 
RISE TIME < 2 ns 
DUTY CYCLED 10% 


‘OSCILLOSCOPE RISE TIME ^ 1 ns 


FIGURE 4 — STORAGE AND FALL TIME 
EQUIVALENT TEST CIRCUIT 


-3 V 



PULSE WIDTH = 200 ns 
RISE TIME ^ 2 ns 
DUTY CYCLED 10% 


FIGURE 5 — SWITCHING TIME 
TEST CIRCUIT 

Vbb -2 V 



PULSE WIDTH > 200 ns 
RISE TIME < 2 ns 
Zin = 50 n 

ton: Vbb = +3 V, Vjp = -7 V 
toff: Vbb = -4 V, Vjn = +6 V 
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hfE. DC CURRENT GAIN 


2N3546 


FIGURE 6 — MINIMUM CURRENT GAIN CHARACTERISTICS 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N3634 

2N3635 

2N3636 

2N3637 

Unit 

Collector-Emitter Voltage 

VCEO 

140 

175 

Vdc 

Collector-Base Voltage 

VCBO 

140 

175 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current ■— Continuous 

>C 

1.0 

Adc 

Total Device Dissipation @ Ta = 25°C 

pd 

1.0 

Watt 

Derate above 25°C 


5.71 

mW/X 

Total Device Dissipation @ Tq = 25°C 

pd 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/X 

Operating and Storage Junction 

Tjf Tgtg 

- 65 to + 200 

X 

Temperature Range 






2N3634 

thru 

2N3637 

JAN, JTX AVAILABLE 
CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 



GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol "T Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dc = 10 mAdc, Ib = 0) 

2N3634, 2N3635 

2N3636, 2N3637 

V{BR)CEO 

140 

175 

- 

Vdc 

Collector-Base Breakdown Voltage 
dc = 100 AiAdc, Ie = 0) 

2N3634, 2N3635 

2N3636, 2N3637 

V(BR)CBO 

140 

175 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 /LtAdc, Ic = 0) 


V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 100 Vdc, Ie = 0) 


ICBO 

— 

100 

nAdc 

Emitter Cutoff Current 
(Vbe = 3.0 Vdc, Ic = 0) 


>EBO 

j 

50 

nAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 


hPE 





dc = 0.1 mAdc, VcE = 10 Vdc) 

2N3634, 2N3636 


40 

— 



2N3635, 2N3637 


80 

— 


dc = 1.0 mAdc, VcE = 10 Vdc) 

2N3634, 2N3636 


45 




2N3635, 2N3637 


90 

— 


dc = 10 mAdc, Vce = 10 Vdc) 

2N3634, 2N3636 


50 





2N3635, 2N3637 


100 



dc = 50 mAdc, Vce = 10 Vdc) 

2N3634, 2N3636 


50 

150 



2N3635, 2N3637 


100 

300 


dc = 150 mAdc, VcE = 10 Vdc) 

2N3634, 2N3636 


25 





2N3635, 2N3637 


50 

— 


Collector-Emitter Saturation Voltage(l) 


VcE(sat) 



Vdc 

dc = 10 mAdc, Ib = 1-0 mAdc) 


— 

0.3 


(Ic = 50 mAdc, Ib = 5.0 mAdc) 



_ 

0.5 


Base-Emitter Saturation Voltage(l) 


VBE(sat) 



Vdc 

dc = 10 mAdc, Ib = 1-0 mAdc) 


— 

0.8 


dc = 50 mAdc, Ib = 5.0 mAdc) 



0.65 

0.9 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

^T 



MHz 

(Vce = 30 Vdc, Ic = 30 mAdc, f = 100 MHz) 2N3634, 2N3636 


150 

— 


2N3635, 2N3637 


200 

— 
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C, CAPACITANCE CpF) 


2N3634 thru 2N3637 



0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

REVERSE BIAS (VOLTS) 


2.0 3.0 5.0 7.0 10 

Ie, EMIHER current (mA) 
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NORMALIZED DC CURRENT GAIN 


2N3634 thru 2N3637 


FIGURE 3 — CURRENT GAIN CHARACTERISTICS versus JUNCTION TEMPERATURE 

2N3634 



3 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 

Ic. COLLECTOR CURRENT (mA) 


FIGURE 4 — CURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 
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NORMALIZED DC CURRENT GAIN 


2N3634 thru 2N3637 


FIGURE 5 — CURRENT GAIN CHARACTERISTICS versus JUNCTION TEMPERATURE 

2N3636 




1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 

Ic. COLLECTOR CURRENT (mA) 



1 0 2 0 3 0 5 0 7 0 10 20 30 50 70 100 200 


Ic COLLECTOR CURRENT (mA) 
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. CURRENT GAIN h„. INPUT IMPEDANCE ^iCohms) 


2N3634 thru 2N3637 


FIGURE 7 — INPUT IMPEDANCE FIGURE 8 — OUTPUT IMPEDANCE 




FIGURE 9 — CURRENT GAIN 


FIGURE 10 — VOLTAGE FEEDBACK RATIO 
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t. TIME (ns) |C V^». SATURATION VOLTAGE (VOLTS) 


2N3634 thru 2N3637 


FIGURE 1 1 — SATURATION VOLTAGES FIGURE 12 — TEMPERATURE COEFFICIENTS 




FIGURE 13 — SWITCHING TIME TEST CIRCUIT 


Vi„ 


P.W.^20/as 
DUTY CYCLE ^2% 
RISE TIME ^20 ns 



v«„ 


TURN-ON 

+4.0 V 

-5.65 V 

TURN-OFF 

+4.1 V 

-5.9 V 


2.01k 



FIGURE 14 — TURN-ON TIME VARIATIONS WITH VOLTAGE 



FIGURE 15 — TURN-OFF TIME VARIATIONS WITH CIRCUIT GAIN 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

Vdc 

Collector Current — Continuous 

ic 

500 

mAdc 

Total Device Dissipation @ Ta = 25°C 

pd 

400 

mW 

Derate above 25°C 


2.28 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

pd 

2.0 

Watts 

Derate above 25°C 


11.43 

rnW/X 

Operating and Storage Junction 
Temperature Range 

Tj. Tgtg 

- 65 to + 200 

°C 


2N3648 


CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 



2 1 


SWITCHING TRANSISTOR 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) (Iq = 10 mAdc, Ib = 0) 

V(BR)CEO 

15 

— 

Vdc 

Collector-Base Brejakdown Voltage (Iq = 10 /xAdc, Ig = 0) 

V(BR)CBO 

40 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ig = 10 ^Adc, Ic = 0) 

V(BR)EBO 

6.0 

_ 

Vdc 

Collector Cutoff Current 

'CEX 



fxAdc 

(VcE = 10 Vdc, VEBIoff) = l O Vdc) 


— 

0.025 


(VcE = 10 Vdc, VEB(off) = 10 Vdc, Ta = 150°C) 

i 

— 

50 


Base Cutoff Current (Vqe = 10 Vdc, Vqb = 10 Vdc) 

'bl 

— 

0.025 

fjL Adc 


ON CHARACTERISTICS 


DC Current Gain 

dC = 1.0 mAdc, Vce = 10 Vdc) 

dC = 10 mAdc, Vce = 1.0 Vdc) 

dC = 150 mAdc, Vce = 10 Vdc) 

dC = 150 mAdc, Vce = 1-0 Vdc, Ta = -55°C) 

dc = 500 mAdc, Vce = 10 Vdc) 

hpE 

15 

25 

30 

12 

12 

120 


Collector-Emitter Saturation Voltage(l) 

VCE(sat) 



Vdc 

dc = 10 mAdc, Ib = 1.0 mAdc) 


— 

0.25 


(Ic = 150 mAdc, Ib = 15 mAdc) 


_ 

0.4 


(IC = 500 mAdc, Ib = 50 mAdc) 


— 

0.8 


Base-Emitter Saturation Voltage(l) 

VBE(sat) 



Vdc 

dc = 10 mAdc, Ib = 1.0 mAdc) i 


— 

0.8 


dc = 150 mAdc, Ib = 15 mAdc) 


0.8 

1.0 


(IC = 500 mAdc, Ib = 50 mAdc) 


— 

1.5 



SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

^obo 

— 

4.0 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 

Cibo 

— 

8.0 

PF 

Input Impedance 

dc = 1.0 mA, Vce = 10 V, f = 1.0 kHz) 

hie 

0.6 

4.5 

kohms 

Voltage Feedback Ratio 
dc = 1.0 mA, Vce = 10 V, f = 1.0 kHz) 

hre 


25 

X 10-4 

Small-Signal Current Gain 
dc = 15 mAdc, Vce = 10 Vdc, f = 100 MHz) 
dc = 1.0 mA, Vce = 10 Vdc, f = 1.0 kHz) 

hfe 

4.5 

20 

150 


Output Admittance 

dc = 1.0 mA, Vce = 10 V, f = I.O kHz) 

hoe 

10 

100 

ju-mhos 


(1) Pulse Test: Pulse Width « 300 i^s, Duty Cycle 2.0%. 
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2N3648 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Max | Unit 


SWITCHING CHARACTERISTICS 


Delay Time 

(Ic = 150 mA, Ibi =15 mA, 

Veb = 0.5 V, Vcc = 6.0 V) 

td 

— 

8.0 

ns 

Rise Time 

tr 

— 

10 

ns 

Storage Time 

dC = 150 mA, Ibi = -IB2 = 

15 mA, Vcc = 6.0 V) 

Is 

— 

12 

■■9H 

Fall Time 

tf 

— 

8.0 


Turn-On Time 

(Ic = 150 mA, Ibi =15 mA, 

Veb = 0.5 V, Vcc = 6.0 v) 

ton 

— 

16 


Turn-Off Time 

I 

dC = 150 mA, Ibi = -Ib2 = 

15 mA, Vcc = 6.0 V) 

toff 

— 

18 

llllllllll^ 

Total Control Charge 
dC = 150 mA, Ib = 15 mA, Vcc = 6.0 V) 

Qt 

— 

300 




1 2 3 5 7 10 20 30 50 70 100 200 300 500 

Ic, COLLECTOii CURRENT (mA) 


FIGURE 2 — LIMITS OF SATURATION VOLTAGE 



1 0 20 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 


Ic. COLLECTOR CURRENT (tnA) 



1 2 3 5 7 10 20 30 50 70 100 200 300 500 

Ic. COLLECTOR CURRENT (mA) 
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2N3700 


For Specifications, See 2N3019 Data. 


MAXIMUM RATINGS 


Rating 

Symbol 

2N3724 

2N3725 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

50 

Vdc 

Collector-Base Voltage 

VCBO 

50 

80 

Vdc 

Emitter-Base Voltage 

vebo 

6.0 

Vdc 

Collector Current — Continuous 

ic 

500 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

1.0 

Watts 

Derate above 25°C 


5.71 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/°C 

Operating and Storage Junction 

Tj/ Tstg 

- 65 to + 200 

°C 

Temperature Range 





2N3724 

2N3725 


CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 



2‘'1 


1 Emitter 


SWITCHING TRANSISTORS 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 10 mAdc, Ib = 0) 

2N3725 

2N3724 

V(BR)CEO 

50 

30 

- 

- 

Vdc 

Collector-Emitter Breakdown Voltage 


V(BR)CES 




Vdc 

dC = 10 AAdc, Vbe = 0) 

2N3725 


80 

— 

— 



2N3724 


50 

— 

— 


Collector-Base Breakdown Voltage 


V(BR)CBO 




Vdc 

dC = 10 fiAdc, Ie = 0) 

2N3725 


80 

— 

— 



2N3724 


50 

— 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

6.0 

— 

— 

Vdc 

(Ie = 10 AtAdc, Ic = 0) 







Collector Cutoff Current 


ICBO 




/LiAdc 

(VcB = 60 Vdc, Ie = 0) 

2N3725 


— 

0.12 

1.7 


(VcB = 40 Vdc, Ie = 0) 

2N3724 


— 

0.12 

1.7 


(VcB = 60 Vdc, Ie = 0, Ta = 100°C) 

2N3725 


— 

— 

120 


(VcB = 60 Vdc, Ie = 0, Ta = 100°C) 

2N3724 


— 

— 

120 


Collector Cutoff Current 


Ices 




/xAdc 

(VcE = 80 Vdc, Veb = 0) 

2N3725 


— 

0.15 

10 


(VcE = 50 Vdc, Veb = 0) 

2N3724 


— 

0.15 

10 


Base Current 


Ib 

— 

— 

10 

^Adc 

(VcE = 50 V, Veb = o) 

2N3724 






(VcE = 80 V, Veb = o) 

2N3725 







ON CHARACTERISTICS(I) 


DC Current Gain 


hPE 






dC = 10 mAdc, VcE = 1.0 Vdc) 



30 

— 

— 


dC = 100 mAdc, VcE = 1.0 Vdc) 



60 

— 

150 


dC = 100 mAdc, VcE = 1-0 Vdc, Ta = -55°C) 



30 

— 

— 


dC = 300 mAdc, VcE = 1-0 Vdc) 



40 

— 

— 


dC = 500 mAdc, Vqe = 1-0 Vdc) 



35 

— 

— 


dc = 500 mAdc, Vqe = 1-0 Vdc, Ta = -55°C) 



20 

— 

— 


dC = 800 mAdc, Vqe = 2.0 Vdc) 



25 

— 

— 


dc = 1.0 Adc, VcE = 5.0 Vdc) 



30 

— 

— 


dc = 800 mA, VcE = 2.0 V) 

2N3725 


20 

— 

— 


dc = 1.0 Adc, VcE = 5.0 V) 

2N3725 


25 

— 

— 
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2N3724, 2N3725 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

Collector-Emitter Saturation Voltage 


VcE(sat) 




Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 

2N3725 


— 

0.17 

0.25 



2N3724 


— 

0.17 

0.25 


dC = 100 mAdc, Ib = 10 mAdc) 

2N3725 


— 

0.19 

0.26 



2N3724 



0.19 

0.20 


(Ic = 300 mAdc, Ib = 30 mAdc) 

2N3725 


_ 

0.25 

0.40 



2N3724 



0.25 

0.32 


(Iq = 500 mAdc, Ib = 50 mAdc) 

2N3725 




0.30 

0.52 


2N3724 



0.30 

0.42 


(Ic = 800 mAdc, Ib = 80 mAdc) 

2N3725 


_ 

0.43 

0.80 


2N3724 



0.43 

0.65 


(Ic = 1.0 mAdc, Ib = 100 mAdc) 

2N3725 


— 

0.55 

0.95 



2N3724 



0.55 

0.75 


Base-Emitter Saturation Voltage 


VBE(sat) 




Vdc 

(Ic = 10 mAdc, Ib = 1-0 mAdc) 





— 

0.76 


dC = 100 mAdc, Ib = 10 mAdc) 



— 

— 

0.86 


(Ic = 300 mAdc, Ib = 30 mAdc) 



__ 

— 

1.1 


(Ic = 500 mAdc, Ib = 50 mAdc) 



0.8 

— 

1.1 


dC = 800 mAdc, Ib = 80 mAdc) 



— 

— 

1.5 


dC = 1.0 Adc, Ib = 100 mAdc) 



— 

— 

1.7 



SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) 

fr 

300 

— 

— 

MHz 

Output Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 2N3725 

2N3724 

^obo 

- 

- 

10 

12 

PF 

Input Capacitance 

(Veb = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

O^ibo 


— 

55 

PF 


(1) Pulse Test; Pulse Width ^ 300 fxs, Duty Cycle = 1.0%. 

(2) = I *^fe I * ftest- 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 30 Vdc, VBE(off) = 3.8 Vdc, 
Iq = 500 mAdc, Igi =50 mAdc) 
(Figures 8, 10) 

td 

- 

5.0 

10 

ns 

Rise Time 

tr 

- 

15 

30 

ns 

T urn-0 n Time 

^on 

- 

20 

35 

ns 

Storage Time 

(Vqc = 30 Vdc, Iq = 500 mAdc, 

*B1 “ *B2 “ 50 mAdc) 

(Figures 9, 10) 

ts 

- 

35 

50 

ns 

Fall Time 

tf 

- 

20 

25 

ns 

Turn-Off Time 

toff 

- 

50 

60 

ns 


FIGURE 1 - ACTIVE REGION SAFE OPERATING AREA 



3.0 4.0 6.0 8.0 10 20 30 40 60 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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fT, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2N3724, 2N3725 


TYPICAL DC CHARACTERISTICS 


FIGURE 2 - DC CURRENT GAIN 



10 20 50 100 200 500 1000 

IC, COLLECTOR CURRENT (mA) 



0.5 1.0 2.0 5.0 10 20 50 100 200 500 

IB, BASE CURRENT (mA) 


FIGURE 3 - "ON” VOLTAGES 



10 20 50 100 200 500 1000 


IC, COLLECTOR CURRENT (mA) 



10 20 30 50 100 200 300 500 1000 

IC, COLLECTOR CURRENT (mA) 


TYPICAL DYNAMIC CHARACTERISTICS 



4.0 6.0 10 20 40 60 100 200 400 

IC, COLLECTOR CURRENT (mA) 


FIGURE 7 - CAPACITANCE 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 


Vr, REVERSE VOLTAGE (VOLTS) 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


3-146 






2N3724, 2N3725 


FIGURE 8 - TURN-ON TIME FIGURE 9 - TURN-OFF TIME 



IC, COLLECTOR CURRENT (mA) IC- COLLECTOR CURRENT (mA) 


FIGURE 10 - SWITCHING TIME TEST CIRCUIT 


FIGURE 11 - COLLECTOR CUTOFF CURRENT 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

Vdc 

Collector-Base Voltage 

VCBO 

45 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Base Current 

Ib 

100 

mAdc 

Collector Current — Continuous 

ic 

300 

mAdc 


One Die 

Both Die 


Total Device Dissipation @ = 25°C 

Pd 

400 

500 

mW 

Derate above 25°C 


2.29 

2.86 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

0.85 

1.4 

Watt 

Derate above 25°C 


4.85 

8.0 

mW/°C 

Operating and Storage Junction 

Tj' Tstg 

-65 to -F200 

X 

Temperature Range 




Collector-] to Collector2 Voltage 

Vci Vc2 

±200 

Vdc 

Voltage rating any lead to case 


±200 

Vdc 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

(Ic - 10 mAdc, Ib = 0) 

V(BR)CEO 

45 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

45 

— 

Vdc 

dC = 0.01 mAdc, Ie = 0) 





Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 0.01 mAdc, Iq = 0) 





Collector Cutoff Current 

'CBO 




(VcB = 30 Vdc, Ie = 0) 


— 

10 

nAdc 

(VcB = 30 Vdc, Ie = 0, Ta = 150°C) 


— 

10 

/iAdc 

Emitter Cutoff Current 

Iebo 

— 

0.1 

fiAdc 

(Vbe = 3.0 Vdc, Ic = 0) 






ON CHARACTERISTICS 


DC Current Gain 

dC = 0.01 mAdc, VcE = 5.0 Vdc) 

(Ic = 0.1 mAdc, VcE = 5.0 Vdc) 

(Ic = 1.0 mAdc, VcE = 5.0 Vdc) 
dC = 50 mAdc, VcE = 5.0 Vdc)(1) 

hpE 

80 

120 

135 

115 

350 


Collector-Emitter Saturation Voltage(l) 
dC = 50 mAdc, Ib = 2.5 mAdc) 

VCE(sat) 

— 

0.25 

Vdc 

Base-Emitter Saturation Voltage(l) 

(Ic - 50 mAdc, Ib = 2.5 mAdc) 

VBE(sat) 

— 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 1.0 mAdc, VcE = 10 Vdc, f = 20 MHz) 
dC = 50 mAdc, VcE = 20 Vdc, f = 100 MHz) 

fT 

60 

200 

600 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Cobo 

— 

8.0 

pF 

Input Capacitance 

(Veb = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

Cibo 

— 

30 

PF 

Input Impedance 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hie 

— 

11.5 

kohm 

Voltage Feedback Ratio 
dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hre 

— 

1500 

X 10-6 

Small-Signal Current Gain 
dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hfe 

135 

420 

— 
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2N3726, 2N3727 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

Output Admittance 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hoe 

- 

80 

)u,mhos 

Noise Figure 

dC = 30 fxAdc, VcE = 5.0 Vdc, Rs = 10 kohms, f = 1.0 kHz, B.W. = 200 Hz) 

NF 

— 

4.0 

dB 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(3) 
dC = 0.1 mAdc to 1.0 mAdc, Vqe = 5.0 Vdc) 

hFEl/hFE2 

0.9 

1.0 

— 

Base-Emitter Voltage Differential 

1Vbei-Vbe2I 



mVdc 

(Ic = 0.1 mAdc to 1.0 mAdc, Vce = 5.0 Vdc) 2N3726 


— 

5.0 


2N3727 


— 

2.5 


Base-Emitter Differential Change Due to Temperature 

A(Vbei-VbE2) 



mVdc 

dC = 0.1 mAdc to 1.0 mAdc, Vqe = 5.0 Vdc, Ta = -55X to -h25°C) 2N3726 


— 

1.6 


2N3727 


— 

0.8 


dC = 0.1 mAdc to 1.0 mAdc, Vqe = 5.0 Vdc, Ta = +25°C to -h125°C) 2N3726 




2.0 


2N3727 


— 

1.0 



(1) Pulse Test: Pulse Width 300 /xs, Duty Cycle « 2.0%. 

(2) fy is defined as the frequency at which |hfel extrapolates to unity. 

(3) For purposes of this ratio, the lowest hpE reading is taken as hpEl- 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N3734 

2N3735 

2N3737 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

50 

Vdc 

Collector-Base Voltage 

VCBO 

50 

75 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

Ic 

1.5 

Adc 


TO-39 

2N3734 

2N3735 

TO-46 

2N3737 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Pd 

1.0 

5.71 

0.5 

2.86 

Watt 

mW/X 

Total Device Dissipation @ Tq = 25°C 
Derate above 25®C 

Pd 

4.0 

22.8 

2.0 

11.4 

Watts 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj' Tstg 

-65 to +200 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

2N3734 

2N3735 

2N3737 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

0.044 

0.088 

X/mW 

Thermal Resistance, Junction to Ambient 

R0JA 

0.175 

0.35 

X/mW 


2N3734 

2N3735 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 




2N3737 

CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 


1 Emitter 



Refer to 2N3725 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 

(Ic = 10 mAdc, Ib = 0) 

2N3734 

2N3735, 2N3737 

V(BR)CEO 

30 

50 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dC = 10 fjiAdc, Ie = 0) 

2N3734 


50 

— 



2N3735, 2N3737 


75 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

Vdc 

(1e = 10 /LtAdc, Ic = 0) 






Collector Cutoff Current 


'CEX 



/uAdc 

(VcE = 25 Vdc, Veb = 2 Vdc) 

2N3734 


— 

0.20 


(VcE = 25 Vdc, Veb = 2 Vdc, Ta = 100X) 



— 

20 


(VcE = 40 Vdc, Veb = 2 Vdc) 

2N3735, 2N3737 


— 

0.20 


(VcE = 40 Vdc, Veb = 2 Vdc, Ta = 100X) 



— 

20 


Base Cutoff Current 


Ibl 


1 

/iAdc 

(VcE = 25 Vdc, Veb = 2 Vdc) 

2N3734 


— 

0.3 


(VcE = 40 Vdc, Veb = 2 Vdc) 

2N3735, 2N3737 


— 

0.3 



ON CHARACTERISTICS 


DC Current Gain(1) 

(Ic = 10 mAdc, VcE = 1 Vdc) 

(Ic =150 mAdc, VcE = 1 Vdc) 
dC = 500 mAdc, VcE = 1 Vdc) 
dC = 1 Adc, VcE = 1.5 Vdc) 

dC = 1.5 Adc, VcE = 5 Vdc) 

2N3734 

2N3735, 2N3737 

2N3734 

2N3735, 2N3737 

hPE 

35 

40 

35 

30 

20 

30 

20 

120 

80 


Collector-Emitter Saturation Voltaged ) 


VcE(sat) 



Vdc 

dC = 10 mAdc, Ib = 1 mAdc) 



— 

0.2 


dc = 150 mAdc, Ib = 15 mAdc) 



— 

0.3 


dC = 500 mAdc, Ib = 50 mAdc) 



— 

0.5 


dc = 1 Adc, Ib = 100 mAdc) 



— 

0.9 


Base-Emitter Saturation Voltaged ) 


VBE(sat) 



Vdc 

dc = 10 mAdc, Ib = 1 mAdc) 



— 

0.8 


(Ic =150 mAdc, 10 = 15 mAdc) 



— 

1.0 


(Ic = 500 mAdc, Ib = 50 mAdc) 



— 

1.2 


dc = 1 Adc, Ib = 100 mAdc) 



0.9 

1.4 
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2N3734, 2N3735, 2N3737 

ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

— 

9.0 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 

C|bo 

— 

80 

PF 

Small-Signal Current Gain 
dC = 50 mAdc, Vqe = 10 Vdc, f = 100 MHz) 

*^fe 

2.5 

— 

— 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 30 V, VBE(off) = 2.0 V, Iq = 1.0 Amp, Ibi = 100 mA) 

Ion 

— 

40 

ns 

Turn-Off Time 

(Vcc = 30 V, VBE(off) = 2.0 V, Iq = 1.0 Amp, Ibi = 100 mA) 

^off 

— 

60 

ns 

Total Control Charge 

dC = 1 Amp, Ib = 100 mA, Vcc = 30 V) , 

Qt 

— 

10 

NC 


(1) Pulse Test: Pulse Width ^ 300 /xs, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

300 

Vdc 

Collector-Base Voltage 

VCBO 

300 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

'c 

50 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

1.0 

Watts 

Derate above 25°C 


5.7 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj/ Tgtg 

-65 to +200 

°C 


2N3743 

JAN, JTX AVAILABLE 
CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 



2^1 


AMPLIFIER TRANSISTOR 

PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min ] Max { Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

300 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

300 

— 

Vdc 

dC = 100 nAdc, Ie = 0) 





Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

Vdc 

dE = 100 ^Adc, Ic = 0) 





Collector Cutoff Current 

ICBO 



)u-Adc 

(VcB = 200 Vdc, Ie = 0) 


— 

0.3 


(VcB = 200 Vdc, Ie = 0, Ta = lOOX) 


__ 

30 


Emitter Cutoff Current 

•ebo 

— 

0.1 

/uAdc 

(Veb = 3.0 Vdc, Ic = 0) 






ON CHARACTERISTICS 


DC Current Gain(2) 
dC = 100 ixAdc, VcE = 10 Vdc) 
dC = 1.0 mAdc, VcE = 10 Vdc) 
dC = 10 mAdc, VcE = 10 Vdc) 
dC = 30 mAdc, VcE = 10 Vdc) 

(Ic = 50 mAdc, VcE = 20 Vdc) 

hpE 

20 

25 

25 

25 

25 

250 


Collector-Emitter Saturation Voltage(2) 

VcE(sat) 



Vdc 

dC = 10 mAdc, Ib = 1 mAdc) 


— 

5.0 


(Ic = 30 mAdc, Ib = 3 mAdc) 


— 

8.0 


Base-Emitter Saturation Voltage(2) 

VBE(sat) 



Vdc 

(Ic = 10 mAdc, Ib = 1 mAdc) 


— 

1.0 


dC = 30 mAdc, Ib = 3 mAdc) 


— 

1.2 



SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 20 Vdc, Ie = 0, f = 100 kHz) 

^obo 

— 

15 

PF 

Input Capacitance 

(Veb = 1-0 Vdc, Ic = 0, f = 100 kHz) 

^ibo 

— 

400 

PF 

Input Impedance 

(VcE = 10 V, Ic = 10 mA, f = 1 kHz) 

*^ie 

— 

1.0 

kohms 

Voltage Feedback Ratio 
(VcE = 10 V, Ic = 10 mA, f = 1 kHz) 

hre 

— 

4.0 

X 10-4 

Small-Signal Current Gain 
(VcE = 10 V, Ic = 10 mA, f = 1 kHz) 

hfe 

30 

300 

— 
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2N3743 


ELECTRICAL CHARACTERISTICS (continued) (T/\ = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Current Gain — High Frequency 
dC = 10 mAdc, VcE = 20 Vdc, f = 20 MHz) 

|hfel 

1.5 

- 

- 

Output Admittance 
(VcE ^ 10 V, Ic = 10 mA, f = 1 kHz) 

^oe 


200 


Real Part of Input Impedance 

dC = 10 mAdc, VcE = 10 Vdc, f = 5 MHz) 1 

Re(hje) 

— 

40 



(1) PW ^ 30 /i,s. Duty Cycle ss 1.0%. 

(2) PW ^ 300 ^ls, Duty Cycle ^ 2.0%. 


FIGURE 1 — JUNCTION CAPACITANCE 


FIGURE 2 — GAIN-BANDWIDTH PRODUCT 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 

REVERSE BIAS (VOLTS) 



li. EMIHER CURRENT (mA) 



1 1.2 1.5 2 3 5 7 10 12 15 20 30 50 


Ic, COLLECTOR CURRENT (m A) 
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^CEi-tj. COLLECTOR-EMinER SATURATION VOLTAGE (VOLTS) h«. DC CURRENT GAIN 


2N3743 



1 1.2 1.5 2 3 5 7 10 12 15 20 30 50 


Ic. COLLECTOR CURRENT (mA> 


FIGURE 5 ~ COLLECTOR-EMITTER SATURATION VOLTAGE 



1 2 3 5 7 10 20 30 50 

Ic, COLLECTOR CURRENT (mA) 



1 2 3 5 7 10 20 30 50 

Ic. COLLECTOR CURRENT (mA) 
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y,., FORWARD TRANSFER ADMIHANCE (mmhos) Yi., INPUT ADMIHANCE (mmhos) 


2N3743 


SMALL SIGNAL y PARAMETERS 

Ta = 25°C 



0.1 0.2 0.5 1.0 2.0 5.0 10 

Ie, EMIHER current (mA) 



0.1 0.2 0.5 1.0 2.0 5.0 10 

Ie. EMIHER current (mA) 



• • ■ '■ ■ ■ ■ 

0.1 0.2 0.5 1.0 2.0 5.0 10 

Ie, EMIHER current (mA) 



0.1 0.2 0.5 1.0 2.0 5.0 10 

Ie. EMIHER current (mA) 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N3762 

2N3764 

2N3763 

2N3765 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

60 

Vdc 

Collector-Base Voltage 

VCBO 

40 

60 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

1.5 

Adc 



TO-39 

2N3762 

2N3763 

TO-46 

2N3764 

2N3765 


Total Device Dissipation @ Ta = 25X 
Derate above 25°C 

Pd 

1.0 

5.71 

0.5 

2.86 

Watt 

mW/°C 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

4.0 

22.8 

2.0 

11.4 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj/ Tstg 

-65 to +200 

X 

Lead Temperature 

1/16" from Case for 10 Seconds 

Tl 

+ 235 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

2N3762 

2N3763 

2N3764 

2N3765 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

44 

88 

X/W 

Thermal Resistance, Junction to Ambient 

R6>JA 

175 

350 

x/w 


2N3762 

2N3763 

JAN, JTX, JTXV 
AVAILABLE 
CASE 79-04, STYLE 
TO-39 (TO-205AD) 



2N3764 

2N3765 



1 Emitter 


CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 


SWITCHING 

TRANSISTORS 

PNP SILICON 



ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 10 mAdc, Ib = 0) 

2N3762, 2N3764 

2N3763, 2N3765 

V(BR)CEO 

40 

60 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dC = 10 fiAdc, Ie = 0) 

2N3762, 2N3764 


40 

— 



2N3763, 2N3765 


60 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 10 (xAdc, Ic = 0) 






Collector Cutoff Current 


ICEX 



^Adc 

(VcE = 20 Vdc, Veb = 2.0 Vdc) 

2N3762, 2N3764 


— 

0.10 


(VcE = 20 Vdc, Veb = 2.0 Vdc, Ta = 100X) 



— 

10 


(VcE = 30 Vdc, Veb = 2.0 Vdc) 

2N3763, 2N3765 


— 

0.10 


(VcE = 30 Vdc, Veb = 2.0 Vdc, Ta = 100X) 



— 

10 


Base Cutoff Current 


•bl 



^Adc 

(VcE = 20 Vdc, Veb = 2.0 Vdc) 

2N3762, 2N3764 


— 

0.2 


(VcE = 30 Vdc, Veb = 2.0 Vdc) 

2N3763, 2N3765 


— 

0.2 



ON CHARACTERISTICS 


DC Current Gain{1) 
dC = 10 mAdc, VcE = TO Vdc) 
dC = 150 mAdc, VcE = 1-0 Vdc) 
dC = 500 mAdc, Vqe = 1-0 Vdc) 
dC = 1.0 Adc, VcE = 1.5 Vdc) 

dC = 1.5 Adc, VcE = 5.0 Vdc) 

2N3762, 2N3764 

2N3763, 2N3765 

2N3762, 2N3764 

2N3763, 2N3765 

hpE 

35 

40 

35 

30 

20 

30 

20 

120 

80 


Collector-Emitter Saturation Voltage(l) 


VcE(sat) 



Vdc 

dc = 10 mAdc, Ib = 1.0 mAdc) 



— 

0.1 


dC = 150 mAdc, Ib = 15 mAdc) 



— 

0.22 


dc = 500 mAdc, Ib = 50 mAdc) 



— 

0.5 


dc = 1.0 Adc, Ib = 100 mAdc) 



— 

0.9 


Base-Emitter Saturation Voltage(l) 


VBE(sat) 



Vdc 

(Ic = 10 mAdc, Ib = 1.0 mAdc) 



— 

0.8 


dc = 150 mAdc, Ib = 15 mAdc) 



— 

1.0 


(Ic = 500 mAdc, Ib = 50 mAdc) 



— 

1.2 


dc = 1.0 Adc, Ib = 100 mAdc) 



0.9 

1.4 
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2N3762 thru 2N3765 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol f Min I Max I Unit 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

^obo 

— 

15 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 

O^ibo 

— 

80 

pF 

Current Gain — High Frequency 

dC = 50 mAdc, Vce = 10 Vdc, f = 100 MHz) 2N3762, 2N3764 

2N3763, 2N3765 | 

iNel 

1.8 

1.5 

- 



SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 30 V, VBE(off) = 2.0 V, 

Ic = 1.0 Amp, Ibi = 100 mA) 

td 

— 

8.0 

ns 

Rise Time 

tr 

— 

3.5 

ns 

Storage Time 

(Vcc = 30 V, Ic = 1.0 Amp, 

•bi = “ *62 = 100 mA) 

ts 

— 

80 

ns 

Fall Time 

tf 

— 

35 

ns 

Total Control Charge 

dC = 1.0 Amp, Ib = 100 mA, Vcc = 30 V) 

Qt 

— 

30 

pC 


(1) Pulse Test: PW 300 fxs, Duty Cycle 2.0%. 


"ON" CONDITION CHARACTERISTICS 
FIGURE 1 — DC CURRENT GAIN 



FIGURE 2 — COLLECTOR SATURATION REGION 



1 2 3 4 5 

/3o//3f, overdrive factor 


This graph shows the effect of base current on collector current. j3o (cur- 
rent gain at the edge of saturation) is the current gain of the transistor at 1 
volt, and (forced gain) is the ratio of Ic/Uf in a circuit. EXAMPLE: For type 
2N3734, estimate a base current (Ibf) towsure saturation at a temperature of 
25‘’C and a collector of 500 mA. 

Observe that at Ic = 500 mA an overdrive factor of at least 2.0 is required 
to drive the transistor well into the saturation region. From Figure 1, it is seen 
that hpi @ 1 volt is typically 54 (guaranteed limits from the Table of Char- 
acteristics can be used for "worst-case" design). 


jgp _ hpE@lVolt 
i^F Ic/IbF 


2= 500^ I.P-18.5mAtyp 
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2N3762 thru 2N3765 



10 20 30 50 100 200 300 500 1000 


Ic, COLLECTOR CURRENT (mA) 



0 100 200 300 400 500 600 700 800 900 1000 


Ic, COLLECTOR CURRENT (mA) 


3 


+2V- 


— -r 


PW = 200ns 
RISE TIME ^2 ns 
DUTY'CYCLE^2% 


FIGURE 5 — SWITCHING TIME EQUIVALENT TEST CIRCUITS 




LARGE SIGNAL CHARACTERISTICS 



0 0.2 0.4 0.6 0.8 1.0 1.2 


Vbe, BASE-EMIHER voltage (VOLTS) 


"OFF" CONDITION CHARACTERISTICS 
FIGURE 7 — TRANSCONDUCTANCE 



0.2 0.1 0 0.1 0.2 0.3 0.4 0.5 

Vbe, BASE-EMIHER VOLTAGE (VOLTS) 
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time (ns) Ib, BASE CURRENT (mA) 


2N3762 thru 2N3765 


FIGURE 8 — INPUT ADMITTANCE FIGURE 9 — EFFECT OF BASE-EMITTER RESISTANCE 




0 0.2 0.4 0.6 0.8 1.0 1.2 103 KV* 10® lO* 10? 10« 

Vbe, BASE-EMIHER voltage (VOLTS) Rbe, EXTERNAL BASE-EMinER RESISTANCE (ohms) 


SWITCHING CHARACTERISTICS 

-Tj - 25°C 
-- Tj = 150°C 



10 50 100 200 500 1000 

Ic, COLLECTOR CURRENT (mA) 



10 20 30 50 100 200 300 500 1000 

Ic. COLLECTOR CURRENT (mA) 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


3-159 







MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
3-160 







Ic, COLLECTOR CURRENT (AMPS) 


2N3762 thru 2N3765 


FIGURE 16 — ACTIVE REGION SAFE OPERATING AREAS 



0 10 20 30 40 50 60 

VcE, COLLECTOR EMIHER VOLTAGE (VOLTS) 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

50 

mAdc 

Total Device Dissipation @ Ta = 25°C 

pd 

0.36 

Watt 

Derate above 25°C 


2.06 

mW/°C 

Total Device Dissipation @ Tc - 25°C 

Pd 

1.2 

Watts 

Derate above 25°C 


6.86 

mW/°C 

Operating and Storage Junction 

Tj, Tstg 

-65 to -1-200 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

0.15 

°C/mW 

Thermal Resistance, Junction to Ambient 

R0JA 

0.49 

°C/mW 



ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ [ Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

60 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

60 

— 

— 

Vdc 

dC = 10 ^Adc, Ie = 0) 






Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

_ 

Vdc 

(Ie = 10 fiAdc, Ic = 0) 1 






Collector Cutoff Current 

'CBO 




jU-Adc 

(VcB = 50 Vdc, Ie = b) 


— 

— 

0.01 


(VcB = 50 Vdc, Ie = 0, Ta = 150°C) 


— 

— 

10 


Emitter Cutoff Current 

Iebo 

— 

— 

20 

nAdc 

(Vbe = 4.0 Vdc, Ic = 0) 







ON CHARACTERISTICS 


DC Current Gain(1) 


hpE 




— 

(Ic = 1.0 /xAdc, VcE = 5.0 Vdc) 

2N3799 


75 

— 

— 


dC = 10 jLiAdc, VcE = 5.0 Vdc) 

2N3798 


100 

_ 

— 



2N3799 


225 

— 

— 


dC = 100 fiAdc. VcE = 5.0 Vdc) 

2N3798 


150 

_ 





2N3799 


300 

— 

— 


dC = 100 MAdc, VcE = 5.0 Vdc, Ta = -55X) 

2N3798 


75 

— 

_ 



2N3799 


150 

— 

— 


dC = 500 AAdc, VcE = 5.0 Vdc) 

2N3798 


150 

— 

450 



2N3799 


300 

— 

900 


dC = 1.0 mAdc, VcE = 5.0 Vdc) 

2N3798 


150 

_ 

— 



2N3799 


300 

— 

— 


dC = 10 mAdc, VcE = 5.0 Vdc) 

2N3798 


125 

_ 





2N3799 


250 

— 

— 


Collector-Emitter Saturation Voltage(l) 


VCE(sat) 




Vdc 

dC = 100 AAdc, Ib = 10 AAdc) 


— 

— 

0.2 


dC = 1.0 mAdc, Ib = 100 /iAdc) 



— 

— 

0.25 


Base-Emitter Saturation Voltage(l) 


VBE(sat) 




Vdc 

(Ic = 100 ixAdc, Ib = 10 jxAdc) 


— 

— 

0.7 


dC = 1.0 mAdc, Ib = 100 fiAdc) 



— 

— 

0.8 


Base-Emitter On Voltage 


VBE(on) 

— 

— 

0.7 

Vdc 

dC = 100 AAdc, VcE = 5.0 Vdc) 
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2N3798, 2N3799 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Typ | Max | Unit 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 500 ^lAdc, VcE = 5.0 Vdc. f = 30 MHz) 
dC = 1.0 mAdc. VcE = 5.0 Vdc, f = 100 MHz) 

fr 

30 

100 

- 

500 

MHz 

Output Capacitance 


^obo 

— 

— 

4.0 

PF 

(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 







Input Capacitance 


^ibo 

— 

__ 

8.0 

PF 

(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 







Input Impedance 


*^ie 




k ohms 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

2N3798 


3.0 

— 

15 



2N3799 


10 

— 

40 


Voltage Feedback Ratio 


l^re 

— 

— 

25 

X 10-4 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 







Small-Signal Current Gain 


*^fe 




— 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

2N3798 


150 

_ 

600 



2N3799 


300 

— 

900 


Output Admittance 


hoe 

5.0 

— 

60 

Amhos 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 







Noise Figure 


NF 




dB 

dC = 100 fxAdc, VcE = 10 Vdc, Rq = 3.0 k ohms). 







f = 100 Hz, B.W. = 20 Hz 

2N3798 


— 

4.0 

7.0 



2N3799 


— 

2.5 

4.0 


Spot 







f = 1.0 kHz, B.W. = 200 Hz 

2N3798 


— 

1.5 

3.0 


Noise 

2N3799 


— 

0.8 

1.5 


f = 10 kHz, B.W. = 2.0 kHz 

2N3798 




1.0 

2.5 



2N3799 


— 

0.8 

1.5 


Broadband Noise-Bandwidth 10 Hz to 15.7 kHz 

2N3798 




2.5 

3.5 



2N3799 


— 

1.5 

2.5 



(1) Pulse Test: Pulse Width ^ 300 /xs, Duty Cycle 2.0%. 

(2) fj is defined as the frequency at which |hfe| extrapolates to unity. 


SPOT NOISE FIGURE 

(VcE = 10 Vdc, Ta = 25°C) 


FIGURE 1 - SOURCE RESISTANCE EFFECTS, f = 1 .0 kHz 


FIGURE 2 - SOURCE RESISTANCE EFFECTS, f = 10 Hz 



Rs, SOURCE RESISTANCE (OHMS) 



Rs, SOURCE RESISTANCE (OHMS) 
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hpE, dc CURRENT GAIN 



FIGURE 4a - TYPICAL CURRENT 
GAIN CHARACTERISTICS-2N3798 



0.01 0.1 1.0 10 
Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 4b — TYPICAL CURRENT 
GAIN CHARACTERISTICS — 2N3799 



0.01 0.1 1.0 10 
Ic, COLLECTOR CURRENT (mAdc) 
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MAXIMUM RATINGS 


2N3806, A 
thru 

2N3811, A 

CASE 654-07, STYLE 1 


Collector 1 7 Collector 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

vebo 

5 

0 

Vdc 

Collector Current — Continuous 

ic 

50 

mAdc 


One Die 

Both Die 


Total Device Dissipation 

Pd 



mW 

@ Ta = 25°C 


500 

600 


Derate above 25°C 


2.86 

3.43 

mW/°C 

Operating and Storage Junction 

Tj' Tstg 

-65 to +200 

°C 

Temperature Range 







Emitter 3 5 Emitter 


|2N3810, 2N3811 — JAN, JTX, JTXV 
AVAILABLE 

DUAL 

AMPLIFIER TRANSISTORS 

PNP SILICON 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol 1 Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

(Ic = 10 mAdc, Ib = 0) 

V(BR)CEO 

60 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

60 

_ 

Vdc 

dc = 10 AtAdc, Ie = 0) 





Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 10 /iAdc, Ic = 0) i 





Collector Cutoff Current 

ICBO 



AAdc 

(VcB = 50 Vdc, Ie = 0) 


1 

0.01 


(VcB = 50 Vdc, Ie = 0, Ta = 150°C) 



10 


Emitter Cutoff Current 

Iebo 

— 

20 

nAdc 

(Vbe = 4.0 Vdc, Ic = 0) 






ON CHARACTERISTICS 


DC Current Gain(1) 


hpE 





dc = 1.0 fiAdc, VcE = 5.0 Vdc) 

2N3807,9,11,A 


75 

— 


dc = 10 AAdc, VcE = 5.0 Vdc) 

2N3806,8,10,A 


100 




2N3807,9,11,A 


225 

— 


dc = 100 AAdc, VcE = 5.0 Vdc) 

2N3806,8,10,A 


150 

450 



2N3807,9,11,A 


300 

900 


dc = 100 AtAdc, VcE = 5.0 Vdc, Ta = -55°C) 

2N3806,8,10,A 


75 




2N3807,9,11,A 


150 

— 


dc = 500 AAdc, VcE = 5.0 Vdc) 

2N3806,8,10,A 


150 

450 


2N3807,9,11,A 


300 

900 


dc = 1.0 mAdc, VcE = 5.0 Vdc) 

2N3806,8,10,A 


150 

450 


2N3807,9,11,A 


300 

900 


dc = 10 mAdc, VcE = 5.0 Vdc) 

2N3806,8,10,A 


125 




2N3807,9,11,A 


250 

_ 


Collector-Emitter Saturation Voltage(l) 


VcE(sat) 



Vdc 

dc = 100 AAdc, Ib = 1.0 aA) 



— 

0.2 


dc = 1.0 mAdc, Ib = 100 ^Adc) 



— 

0.25 


Base-Emitter Saturation Voltage(l) 


VBE(sat) 



Vdc 

dc = 100 AAdc, Ib = 10 AAdc) 



— 

0.7 


dc = 1.0 mAdc, Ib = 100 ^Adc) 



— 

0.8 
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2N3806 thru 2N3811, A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Base-Emitter On Voltage 
dC = 100 fiAdCr VcE = 5.0 Vdc) 

VBE(on) 

i 

0.7 

Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 


h 



MHz 

dC = 500 /utAdc, VcE = 5.0 Vdc, f = 30 MHz) 



30 

— 


dC = 1.0 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 



100 

500 


Output Capacitance 


Cobo 

— 

4.0 

PF 

(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 






Input Capacitance 


Cibo 

— 

8.0 

PF 

(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 






Input Impedance 


hje 



kn 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1,0 kHz) 

2N3806,8,10,A 


3.0 

30 


2N3807,9,11,A 


10 

40 


Voltage Feedback Ratio 


hre 

— 

25 

X 10-4 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 






Small-Signal Current Gain 


hfe 



— 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

2N3806,8,10,A 


150 

600 


2N3807,9,11,A 


300 

900 


Output Admittance 


o 

(D 

5.0 

60 

/tmhos 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 






Noise Figure 


NF 



dB 

dC = 100 /iAdc, VcE = 10 Vdc, Rq = 3.0 kohms 






f = 100 Hz, BW = 20 Hz 

2N3806,8,10,A 


— 

7.0 



2N3807,9,11,A 


— 

4.0 


f = 1.0 kHz, BW = 200 Hz 

Noise 

2N3806,8,10,A 




3.0 



2N3807,9,11,A 


— 

1.5 


f = 10 kHz, BW = 2.0 kHz) 

2N3806,8,10,A 




2.5 



2N3807,9,11,A 


— 

1.5 


Broadband Noise Bandwidth 

2N3806,8,10,A 




3.5 


10 Hz to 15.7 kHz 

2N3807,9,11,A 


— 

2.5 



MATCHING CHARACTERISTICS 


DC Current Gain Ratio(2) 

hFEl/hFE2 



_ 

dC = 100 /^Adc, VcE = 5.0 Vdc) 2N3808,9 


0.8 

1.0 


2N3810,11 


0.9 

1.0 


2N3810A,11A 


0.95 

1.0 


dC = 100 fiAdc, VcE = 50 Vdc, Ta = -55 to +125°C) 





2N3810A,11A 


0.85 

1.0 


Base-Emitter Voltage Differential 

|Vbei-Vbe2I 



mVdc 

dC = 10 AtAdc to 10 mAdc, Vqe = 5.0 Vdc) 2N3808,9 


— 

8.0 


2N3810,A,11,A 


— 

5.0 


dC = 100 AAdc, VcE = 5.0 Vdc) 2N3808,9 


— 

5.0 


2N3810,11 


— 

3.0 


2N3810A,11A 


— 

1.5 


Base-Emitter Voltage Differential Change Due to Temperature 

A(Vbei-VbE2) 



mVdc 

dC = 100 /xAdc, VcE = 5.0 Vdc, Ta = -55 to +25°C) 





2N3808,9 


— 

1.6 


2N3810,11 


— 

0.8 


2N3810A,11A 


— 

0.4 


dC = 100 /LcAdc, VcE = 5.0 Vdc, Ta = +25 to +125°C) 





2N3808,9 


— 

2.0 


2N3810,11 


— 

1.0 


2N3810A,11A 


— 

0.5 



(1) Pulse Test: Pulse Width 300 fis, Duty Cycle ^ 2.0%. 

(2) The lowest hpE reading is taken as hpEi for this ratio. 
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V, VOLTAGE (VOLTS) hpE, CURRENT GAIN 


2N3806 thru 2N3811, A 


FIGURE 1 — DC CURRENT GAIN versus 
COLLECTOR CURRENT 


FIGURE 2 — DC CURRENT GAIN versus 
COLLECTOR CURRENT 




0.01 0.1 1.0 10 100 0.01 0.1 1.0 10 100 
Ic, COLLECTOR CURRENT (MA) IC- COLLECTOR CURRENT (MA) 



0.01 0.1 1.0 10 100 


Ic, COLLECTOR CURRENT (MA) 



0.01 0.1 1.0 10 100 


Ic, COLLECTOR CURRENT (MA) 
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2N3838 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector 1 to Collector 2 Voltage 

VC1C2 

±120 

Vdc 

Voltage Rating any Lead to Case 


±120 


Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

600 

mAdc 


One Die 

Both Die 


Total Device Dissipation @ Ta = 25°C 

Pd 

0.25 

0.35 

Watt 

Derate above 25°C 


1.67 

2.34 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

0.7 

1.4 

Watts 

Derate above 25°C 


4.67 

9.34 


Operating and Storage Junction 

Tj/ Tstg 

- 65 to + 200 

X 

Temperature Range 





CASE 610A-04, STYLE 1 



Collector 9 7 Collector 



Emitter 2 4 Emitter 


COMPLEMENTARY DUAL 
AMPLIFIER TRANSISTORS 


NPN/PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) (Iq = 10 mAdc, Ig = 0) 

V(BR)CEO 

40 

_ 

Vdc 

Collector-Emitter Nonmatching Voltage 

VCE0(NL)+ 

40 

_ 

Vdc 

(■C(on) = 600 mAdc, iB(on) = 120 mAdc, lB{off) = 0) 





Collector-Base Breakdown Voltage (Ic = 10 /aAdc, 1^ = 0) 

V(BR)CBO 

60 

_ 

Vdc 

Emitter-Base Breakdown Voltage (Ig = 10 /aAdc, Iq = 0) 

V(BR)EBO 

5.0 

_ 

Vdc 

Base Cutoff Current (VcE = 50 Vdc, VBE(off) = 0.5 Vdc) 

Ibev 

— 

10 

nAdc 

Collector Cutoff Current (Vqe = 50 Vdc, VBE(off) = 0.5 Vdc) 

ICEV 

— 

0.01 

/aAdc 

(VcE = 50 Vdc, VBE{off) = 0.5 Vdc, Ta = 150X) 


— 

10 


Emitter Cutoff Current (Vbe = 3 0 Vdc, Iq = 0) 

Iebo 

— 

10 

nAdc 


ON CHARACTERISTICS 


DC Current Gain (Iq = 0.1 mAdc, Vqe = 10 Vdc) 
dC = 1.0 mAdc, VcE = 10 Vdc) 
dC = 10 mAdc, VcE = 10 Vdc){1) 
dc = 150 mAdc, VcE = 10 Vdc)(1) 
dc = 150 mAdc, Vqe = 1-0 Vdc){1) 

hpE 

35 

50 

75 

100 

50 

300 


Collector-Emitter Saturation Voltage(l) (Iq = 150 mAdc, Ib = 15 mAdc) 

VcE(sat) 

— 

0.4 

Vdc 

Base-Emitter Saturation Voltage(l) (Iq = 150 mAdc, Ib = 15 mAdc) 

VBE(sat) 

0.85 

1.3 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (Iq = 20 mAdc, VqE = 10 Vdc, f = 100 MHz) 

h 

200 

— 

MHz 

Output Capacitance (V^b = 10 Vdc, Ie = 0, f = 140 kHz) 

Cobo 

— 

8.0 

PF 

Input Impedance (Iq = 1-0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hie 

1.6 

9.0 

kohms 

Small-Signal Current Gain dc = 1-0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 

hfe 

60 

300 

— 

Output Admittance (Iq = 1-0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 

hoe 

— 

50 

/amho 

Noise Figure 

dc = 100 /aAdc, Vce = 10 Vdc, Rs = 1.0 kohm, f = 1.0 kHz) 

NF 

— 

8.0 

dB 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vce = lOVdc, VBE(off) = OVdc, 

td 

— 

10 

ns 

Rise Time 

Ic = 150 mAdc, Ibi = 15 mAdc) 

tr 

— 

40 

ns 

Storage Time 

(Vec = 10 Vdc, Ic = 150 mAdc, 

fs 

— 

250 

ns 

Fall Time 

Ibi = IB2 ~ 15 mAdc) 

tf 

- 

90 

ns 


(1) Pulse Test: Pulse Width 300 /as, Duty Cycle 2.0%. 

t The highest value of collector supply voltage that may be safely used with a resistive load switching circuit in which the collector 
current is 600 mAdc. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

Vdc 

Collector Current — Continuous 

•c 

200 

mAdc 

Total Device Dissipation @ Ta = 25°C 

pd 

0.36 

Watt 

Derate above 25°C 


2.06 

mwrc 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.2 

Watts 

Derate above 25°C 


6.9 

mW/°C 

Operating and Storage Junction 

Tjr Tgtg 

-65 to + 200 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

0.15 

X/mW 

Thermal Resistance, Junction to Ambient 

R^ja 

0.49 

X/mW 



ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min 1 Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 10 mAdc) 

V{BR)CEO 

40 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 10 fjiAdc, Ie = 0) 

V(BR)CBO 

60 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 jiAdc, Ic = 0) 

V(BR)EBO 

6.0 

— 

Vdc 

Collector Cutoff Current 
(VcE = 40 Vdc, Vqb = 3.0 Vdc) 

(VcE = 40 Vdc, Vqb = 3.0 Vdc, Ta = 150X) 

•CEX 

- 

0.010 

15 

/LtAdc 

Base Cutoff Current 
(VcE = 40 Vdc, Vqb = 3.0 Vdc) 

•bl 

_ 

.025 

fiAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 


hpE 





(Ic = 0.1 mAdc, VcE = 1-0 Vdc) 

2N3946 


30 

— 



2N3947 


60 

— 


dC = 1.0 mAdc, VcE = TO Vdc) 

2N3946 


45 

— 



2N3947 


90 

— 


dC = 10 mAdc, VcE = 10 Vdc) 

2N3946 


50 

150 



2N3947 


100 

300 


dC = 50 mAdc, Vqe = 10 Vdc) 

2N3946 


20 

— 



2N3947 


40 

— 


Collector-Emitter Saturation Voltage(l) 


VcE(sat) 



Vdc 

(Ic = 10 mAdc, Ib = 1.0 mAdc) 




0.2 


(Ic = 50 mAdc, Ib = 5.0 mAdc) 



— 

0.3 


Base-Emitter Saturation Voltage(l) 


VBE(sat) 



Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 


0.6 

0.9 


(Ic = 50 mAdc, Ib = 5.0 mAdc) 



— 

1.0 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

dC = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 2N3946 

2N3947 

fT 

250 

300 

- 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

^obo 

— 

4.0 

PF 
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2N3946, 2N3947 


ELECTRICAL CHARACTERISTICS (continued) (T^ = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

Input Capacitance 


Cibo 

— 

8.0 

PF 

(Vbe = l-O Vdc, Ic = 0, f = 100 kHz) 






Input Impedance 


hie 



kohms 

dC = 1.0 mA, VcE = 10 V, f = 1.0 kHz) 

2N3946 


0.5 

6.0 



2N3947 


2.0 

12 


Voltage Feedback Ratio 


hre 



X 10-4 

dC = 1.0 mA, VcE = 10 V, f = 1.0 kHz) 

2N3946 


_ 

10 



2N3947 


— 

20 


Small Signal Current Gain 


hfe 





dC = 1.0 mA, VcE = 10 V, f = 1.0 kHz) 

2N3946 


50 

250 



2N3947 


100 

700 


Output Admittance 


hoe 



limhos 

dC = 1.0 mA, VcE = 10 V, f = 1.0 kHz) 

2N3946 


1.0 

30 



2N3947 


5.0 

50 


Collector Base Time Constant 


rb'Cg 

_ 

200 

ps 

dC = 10 mA, VcE = 20 V, f = 31.8 MHz) 





Noise Figure 


NF 

— 

5.0 

dB 

dC = 100 fxA, VcE = 5.0 V, Rg = 1.0 ka, f = 10 Hz to 15.7 kHz) 



i 




SWITCHING CHARACTERISTICS 


Delay Time 

Vcc = 3.0 Vdc, Vqb = 0.5 Vdc, 

Ic = 10 mAdc, Ibi = 1.0 mA 

td 

— 

35 

ns 

Rise Time 

tr 

— 

35 

ns 

Storage Time 

Vcc = 3.0 V, Ic = 10 mA, 2N3946 

ts 

— 

300 

ns 


2N3947 


— 

375 


Fall Time 

Ibi = IB2 = "l-O mAdc 

tf 

- 

75 

ns 


(1) Pulse Test: PW 300 (xs, Duty Cycle ^ 2%. 


TYPICAL SWITCHING CHARACTERISTICS 

(Ta = 25°C unless otherwise noted) 




1.0 2.0 3.0 5.0 7.0 10 20 30 50 1.0 2.0 3.0 5.0 7.0 10 20 30 50 

Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT ImA) 
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TIME (ns) 


2N3946, 2N3947 


FIGURE 3 — STORAGE AND FALL TIMES 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 

Ic, COLLECTOR CURRENT (mW 


2N3947 



FIGURE 4 — TURN-ON TIME EQUIVALENT TEST CIRCUIT 


FIGURE 5 — TURN-OFF TIME EQUIVALENT TEST CIRCUIT 



*T0TAL SHUNT CAPACITANCE OF TEST JIG AND CONNECTORS 
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2N3946, 2N3947 

AUDIO SMALL-SIGNAL CHARACTERISTICS 


FIGURE 6 — NOISE FIGURE VARIATIONS 
VcE = 5.0 V, Ta = 25“C 



14 

12 

10 

8 

6 

4 

2 

0 



100 200 400 IK 2K 4K lOK 20K 40K lOOK 

R,. SOURCE RESISTANCE (OHMS) 


h PARAMETERS 

VcE = 10 V, Ta = 25X, f = 1.0 kc 



0,1 0.2 0.5 1.0 2.0 5.0 10 

Ic. COLLECTOR CURRENT (mAdc) 


FIGURE 9 — INPUT IMPEDANCE 



0.5 : - = 

0.2 II I I I I I 1 1 1 II I I I 1 1 1 1 
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Ic. COLLECTOR CURRENT (mAdc) 
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Ic. COLLEaOR CURRENT (mAdc) 
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CAPACITANCE (pO hpE. CURRENT GAIN h«. CURRENT GAIN 


2N3946, 2N3947 


FIGURE 11 — CURRENT GAIN CHARACTERISTICS 
2N3946 




0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 

Ic. COLLECTOR CURRENT (mA) 



FIGURE 13 — CHARGE DATA 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N3962 

2N3965 

2N3964 

2N3963 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

45 

80 

V 

Collector-Base Voltage 

VCBO 

60 

45 

80 

V 

Emitter-Base Voltage 

VebO 

6.0 

V 

Collector Current — Continuous 

•c 

200 

mA 

Total Device Dissipation 
@ Ta = 25°C 

Derate above 25°C 

Pd 

0.36 

2.06 

Watt 

mwrc 

Total Device Dissipation 
@ Tc = 25X 

Derate above 25°C 

Pd 

1.2 

6.85 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tg^g 

- 65 to 4- 200 

°C 


2N3962 

thru 

2N3965 

CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 



^2 


1 Emitter 


AMPLIFIER TRANSISTORS 

PNP SILICON 

Refer to 2N3798 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min J Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Iq = 5.0 mA) 

2N3962, 2N3965 
2N3963 

2N3964 

V(BR)CEO 

60 

80 

45 

- 

Vdc 

Collector-Emitter Breakdown Voltage 


V(BR)CES 



Vdc 

dc = 10 aA) 

2N3962, 2N3965 


60 

— 



2N3963 


80 

— 



2N3964 


45 

— 


Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dc = 10 aA) 

2N3962, 2N3965 


60 

— 



2N3963 


80 

_ 



2N3964 


45 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

6.0 

— 

Vdc 

dc = 10 ^l^) 

1 





Collector Cutoff Current 


'CBO 



nAdc 

(VcE = 50 V; 2N3964 = 40 V) 

2N3965, 2N3962 


— 

10 


(VcE = 70 V) 

2N3963 


— 

10 


Collector Cutoff Current 


•CES 



nAdc 

(VcE = 50 V) 

2N3962 


— 

10 


(VcE = 70 V) 

2N3963 


— 

10 


(VcE = 40 V) 

2N3964 


— 

10 


(VcE = 50 V) 

2N3965 


— 

10 


Emitter Cutoff Current 


Iebo 

— 

10 

nAdc 

(Veb = 4.0 V) 







ON CHARACTERISTICS 


DC Current Gain(1) 


hpE 





dc = 10 aA, VcE = 5.0 V) 

2N3962, 2N3963 


100 

300 



2N3964, 2N3965 


250 

500 


dc = 100 aA, Vce = 5.0 V) 

2N3962, 2N3963 


100 





2N3964, 2N3965 


250 

— 


dc = 1.0 mA, Vce = 5.0) 

2N3962, 2N3963 


100 

450 



2N3964, 2N3965 


250 

600 


dc = 10 aA, Vce = 5.0, Ta = -55°C) 

2N3962, 2N3963 


40 

_ 



2N3964, 2N3965 i 


100 

— 



(continued) 
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2N3962 thru 2N3965 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

DC Current Gain(1) continued 






dC = 1.0 mA, VcE = 5.0 V, Ta = lOOX) 

2N3962, 2N3963 


— 

600 



2N3964, 2N3965 


— 

800 


dC = 1.0 aA, Vce = 5.0 V) 

2N3962, 2N3963 


60 

— 



2N3964, 2N3965 


180 

— 


dC = 10 mA, Vce = 5.0 V) 

2N3962, 2N3963 


100 

— 



2N3964, 2N3965 


200 

— 


dC = 50 mA, Vce = 5.0 V) 

2N3962, 2N3963 


90 




2N3964, 2N3965 


180 

— 


dC = 50 mA, Vce = 5.0 V, Ta = -55°C) 

2N3962, 2N3963 


45 

_ 



2N3964, 2N3965 


90 

— 


Collector-Emitter Saturation Voltage 


VcE(sat) 




dC == 10 mA, Ib == 0.5 mA) 



— 

0.25 

V 

dC = 50 mA, Ib = 5.0 mA)(1) 



— 

0.4 

V 

Base-Emitter Saturation Voltage 


VBE(sat) 




dC = 10 mA, Ib = 0.5 mA) 



— 

0.9 

V 

dC = 50 mA, Ib = 5.0 mA)(1) 



— 

0.95 

V 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 5.0 V,f = 1.0 MHz) 

Cobo 

— 

6.0 

PF 

Input Capacitance 


^ibo 

— 

15 

PF 

(Veb = 0.5 V,f = 1.0 MHz) 






Input Impedance 


hie 



ka 

dC = 1.0 mA, Vce = 5.0 V, f = 1.0 kHz) 

2N3962, 2N3963 


2.5 

17 



2N3964, 2N3965 


6.0 

20 


Voltage Feedback Ratio 


hre 

— 

10 

10-4 

dC = 1.0 mA, Vce = 5.0, f = 1.0 kHz) 






Small-Signal Current Gain 


hfe 




dC = 1.0 mA, Vce = 5.0 V, f = 1.0 kHz) 

2N3962, 2N3963 


100 

550 

— 


2N3964, 2N3965 


250 

700 

— 

Magnitude of Forward Current Transfer Ratio, Common-Emitter 

Ihfel 




(IC = 0.5 mA, Vce = 5.0 V, f = 20 MHz) 

2N3962, 2N3963 


2.0 

8.0 

— 


2N3964, 2N3965 


2.5 

8.0 

— 

Output Admittance 


hoe 



Amhos 

dC = 1.0 mA, Vce = 5.0, f = 1.0 kHz) 

2N3962, 2N3963 


5.0 

40 



2N3964, 2N3965 


5.0 

50 


Noise Figure 


NF 



dB 

dC = 20 mA, Vce = 5.0 V, BW = 15.7 kHz) 

2N3962, 2N3963 


— 

3 



2N3964, 2N3965 


— 

2 


dC = 20 fiA, Vce = 5.0 V, BW = 1.5 kHz, 

2N3962, 2N3963 




3 


f = 10 kHz, Rs = 10 kn) 

2N3964, 2N3965 


— 

2 


dC = 20 aA, Vce = 5.0 V, BW = 150 Hz, 

2N3962, 2N3963 




3 


f = 1.0 kHz, Rs = 10 kfl) 

2N3964, 2N3965 


— 

2 


dC = 20 fiA, Vce = 5.0 V, BW = 15 Hz, 

2N3962, 2N3963 




10 


f = 100 Hz, Rs = 10 kO) 

2N3964, 2N3965 


— 

4 


dc = 20 aA, Vce = 5.o v, bw = 2.0 hz. 

2N3964, 2N3965 




8 


f = 10 Hz, Rs = 10 kO) 







(1) Pulse Test; PW ^ 300 |is, Duty Cycle 2%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N4013 

2N4014 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

50 

Vdc 

Collector-Base Voltage 

VCBO 

50 

80 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

Vdc 

Collector Current — Continuous 

ic 

1.0 

Adc 

— Peak 


2.0 


Total Device Dissipation @ Ta = 25°C 

Pd 

0.5 

Watt 

Derate above 25°C 


28.6 

mW/X 

Total Device Dissipation Tq = 25°C 

Pd 

1.4 

Watts 

Derate above 25X 


6.8 

mW/X 

Operating and Storage Junction 

7jr Tstg 

-65 to +200 

X 

Temperature Range 





2N4013 

2N4014 

CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 



^2 ‘'1 


SWITCHING TRANSISTORS 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta == 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max 1 Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltagefl) 
dc == 10 mAdc, Ib = 0) 

2N4014 

2N4013 

V(BR)CE0 

50 

30 

- 


Vdc 

Collector-Emitter Breakdown Voltage 


V(BR)CES 




Vdc 

dc = 10 /xAdc, Vbe = 0) 

2N4014 


80 

— 

— 



2N4013 


50 

— 

— 


Collector-Base Breakdown Voltage 


V(BR)CB0 




Vdc 

dc = 10 /liAdc, Ib = 0) 

2N4014 


80 

— 

— 



2N4013 


50 

— 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

6.0 

— 

— 

Vdc 

(Ie = 10 AAdc, Ic = 0) 







Collector Cutoff Current 


'CBO 




ju-Adc 

(VcB = 60 Vdc, Ie = 0) 

2N4014 


_ 

0.12 

1.7 


(VcB = 40 Vdc, Ie = 0) 

2N4013 


— 

0.12 

1.7 


(VcB = 60 Vdc, Ie = 0, Ta = 100X) 

2N4014 


— 

— 

120 


(VcB = 40 Vdc, Ie = 0, Ta = 100X) 

2N4013 


— 

— 

120 


Collector Cutoff Current 


•CES 




IxAdc 

(VcE = 80 Vdc, Veb = 0) 

2N4014 


— 

0.15 

10 


(VcE = 50 Vdc, Veb = 0) 

2N4013 


— 

0.15 

10 



ON CHARACTERISTICS! 1) 


DC Current Gain 

hPE 




_ 

dc = 10 mAdc, VcE = l-O Vdc) 


30 

— 

— 


dc = 100 mAdc, VcE = 10 Vdc) 


60 

— 

150 


dc = 100 mAdc, VcE = 10 Vdc, Ta = -55X) 


30 

— 

— 


dc = 300 mAdc, VcE = 1-0 Vdc) 


40 

— 

— 


dc = 500 mAdc, Vce = 1-0 Vdc) 


35 

— 

— 


dc = 500 mAdc, Vce = 1-0 Vdc, Ta = -55X) 


20 

— 

— 


dc = 800 mAdc, Vce = 2.0 Vdc) 2N4014 


20 




2N4013 


25 

— 

— 


dc = 1.0 Adc, Vce = 5.0 Vdc) 2N4014 


25 




2N4013 


30 

— 

— 



(continued) 
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2N4013, 2N4014 


3 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25X unless otherwise noted.) 


Characteristic | 

Symbol 





Collector-Emitter Saturation Voltage 


VCE(sat) 





dC = 10 mAdc, Ib = 1.0 mAdc) 

2N4014 


— 

0.17 

0.25 


2N4013 


— 

0.17 

0,25 


dC = 100 mAdc, Ib = 10 mAdc) 

2N4014 


_ 

0.19 

0,26 


2N4013 


— 

0.19 

0.20 


dC = 300 mAdc, Ib = 30 mAdc) 

2N4014 


— 

0.25 

0,40 


2N4013 


— 

0.25 

0.32 


dC = 500 mAdc, Ib = 50 mAdc) 

2N4014 




0.30 

0.52 



2N4013 


— 

0.30 

0.42 


dC = 800 mAdc, Ib = 80 mAdc) 

2N4014 




0.43 



2N4013 


— 

0.43 

0.65 


dC = 1.0 Adc, Ib = 100 mAdc) 

2N4014 


_ 

0.55 

0.95 



2N4013 


— 

0.55 

0.75 


Base-Emitter Saturation Voltage 


VBE(sat) 





dC = 10 mAdc, Ib = 1.0 mAdc) 





— 

0.76 


dC = 100 mAdc, Ib = 10 mAdc) 



— 

— 

0.86 


dC = 300 mAdc, Ib = 30 mAdc) 



— 

— 

1.1 


dC = 500 mAdc, Ib = 50 mAdc) 



0.8 

_ 

1.1 


(Iq = 800 mAdc, Ib = 80 mAdc) 



— 

— 

1.5 


dC = 1.0 Adc, Ib = 100 mAdc) 



— 

— 

1.7 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 50 mAdc, Vqe = 10 Vdc, f = 100 MHz) 

fT 


— 

— 

w^m 

Output Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 2N4014 

2N4013 

^obo 


B 


m 

Input Capacitance 

(Veb = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

Cibo 

— 

— 


m 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 30 Vdc, VBE(off) = 3.8 Vdc, 


td 

— 

5.0 

10 

ns 

Rise Time 

Ic = 500 mAdc, Ibi = 50 mAdc) 
(Figures 8, 10) 


tr 

- 

15 

30 

ns 

Storage Time 

(Vcc = 30 Vdc, Ic = 500 mAdc, 

2N4014 

ts 

— 

30 


ns 

Fall Time 

Ibi = IB2 = 50 mAdc) 

2N4013 

tf 



20 


ns 

(Figures 9, 10) 





25 


Turn-On Time 

(Vcc = 30 Vdc, VBE(off) = 3.8 Vdc, 

Ic = 500 mAdc, Ibi = 50 mAdc) 

(Figures 8, 10) 

Ion 

B 

20 

35 

ns 

Turn-Off Time 

(Vcc = 30 Vdc, Ic = 500 mAdc, 

2N4014 

toff 

■■ 

50 

60 

ns 


Ibi = IB2 = 50 mAdc) 

(Figures 9, 10) 

2N4013 


B 





(1) Pulse Test: Pulse Width = 300 /xs, Duty Cycle = 1.0%. 

(2) fj = jhfel • ftest- FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

Vdc 

Collector 1 to Collector 2 Voltage 

VC1C2 

±200 

Vdc 

Voltage Rating and Lead to Case 


±200 


Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Base Current 

•b 

100 

mAdc 

Collector Current — Continuous 

•c 

300 

mAdc 


One Die 

Both Die 


Total Device Dissipation @ Ta = 25°C 

PD 

400 

500 

mW 

Derate above 25°C 


2.29 

2.86 

mW/X 

Total Device Dissipation @ Tq = 25^ 

Pd 

0.85 

1.4 

Watts 

Derate above 25°C 


4.85 

8.0 

mW/X 

Operating and Storage Junction 

Tj, Tgtg 

-65 to +200 

X 

Temperature Range 





ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Max | Unit ] 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dc = 10 mAdc, Ib = 0) 

V(BR)CEO 

60 

— 

Vdc 

Collector-Base Breakdown Voltage 
(Iq = 10 /xAdc, Ig = 0) 

V(BR)CBO 

60 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 jaAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 50 Vdc, Ie = 0) 

(VcB = 50 Vdc, Ie = 0, Ta = + 150X) 

•CBO 

- 

10 

10 

nAdc 

^Adc 

Emitter Cutoff Current 
(Veb = 3.0 Vdc, Ic = 0) 

Iebo 

1 

0.1 

/uAdc 


ON CHARACTERISTICS 


DC Current Gain 

dc = 0.01 mAdc, VcE = 5.0 Vdc) 
dc = 0.1 mAdc, VcE = 5.0 Vdc) 

dc = 1.0 mAdc, VcE = 5.0 Vdc) l 

dc = 50 mAdc, VcE = 5.0 Vdc)(1) : 

hpE 

80 

120 

135 

115 

350 


Collector-Emitter Saturation Voltage(l) 
dc = 50 mAdc, Ib = 2.5 mAdc) 

VCE(sat) 

— 

0.25 

Vdc 

Base-Emitter Saturation Voltage(l) 
dc = 50 mAdc, VcE = 2.5 Vdc) 

VBE(sat) 


1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dc = 50 mAdc, VcE = 20 Vdc, f = 100 MHz) 
dc = 1.0 mAdc, VcE = 10 Vdc, f = 20 MHz) 

fT 

200 

60 

600 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

^obo 

— 

8.0 

PF 

Input Capacitance 

(Veb = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

Cibo 

— 

25 

pF 

Input Impedance 

dc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hie 

— 

11.5 

kohms 

Voltage Feedback Ratio 
dc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hre 

— 

15 

1 

X 10-4 

Small-Signal Current Gain 
dc = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hfe 

135 

1 

420 

— 
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2N4015, 2N4016 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Output Admittance 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hoe 

- 

80 

/^mhos 

Noise Figure 

dC = 0.03 mAdc, VcE = 5.0 Vdc, Rs = 10 kohms, f = 1.0 kHz, BW = 200 Hz) 

NF 

— 

4.0 

dB 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio 


hFEl/hFE2 

0.9 

1.0 

— 

dC = 0.1 mAdc, VcE = 5.0 Vdc) 






Base-Emitter Voltage Differential 


|VBErVBE2l 



mVdc 

dC = 0.1 to 1.0 mAdc, Vce = 5.0 Vdc) 

2N4015 


— 

5.0 



2N4016 


— 

2.5 


Base-Emitter Voltage Differential Gradient 


A(Vbei-VbE2) 



mVdc 

dC = 0.1 to 1.0 mAdc, Vce = 5.0 Vdc, Ta = -55 to +25X) 

2N4015 1 

ATa 

— 

1.6 



2N4016 

— 

0.8 


dC = 0.1 to 1.0 mAdc, Vqe = 5.0 Vdc, Ta = +25°C to +125X) 

2N4015 




2.0 


2N4016 


ZI 1 

i-o 



(1) Pulse Test: Pulse Width « 300 fxs, Duty Cycle ^ 1.0%. 

(2) fj is defined as the frequency at which jhfel extrapolates to unity. 
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MAXIMUM RATINGS 




2N4026/28 

2N4027/29 


Rating 

Symbol 

2N4030/32 

2N4031/33 

Unit 

Collector-Emitter Voltaged) 

VCEO 

60 

80 

Vdc 

Collector-Base Voltage 

VCBO 

60 

80 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

5.0 

Vdc 



2N4026- 

2N4030- 




2N4029 

2N4033 


Collector Current — Continuous 

Ic 

1.0 

1.0 

Adc 

Total Device Dissipation @ Ta = 25°C 

Pd 

.5 

1.25 

W 

Derate above 25°C 


2.85 

7.15 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

2.0 

7.0 

W 

Derate above 25°C 


11.4 

40 

mW/X 

Operating and Storage Junction 

Tj/ Tstg 

-65 to -E200 

X 

Temperature Range 




Lead or Terminal Temperature(2) 

Tl 

+ 300 

X 


(1) Applicable 0 to 10 mA 

(2) Measured at a distance not less than 1/16" from seated surface (or case) for 60 Sec. 

THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

TO-18 

TO-39 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

40 

20 

X/W 

Thermal Resistance, Junction to Ambient 

R0JA 

280 

140 

x/w 


2N4026 

thru 

2N4029 

CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 



2N4030 

thru 

2N4033 


3 Collector 



CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 
AVAILABLE IN 
JAN, JTX, JTXV 
GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 


1 Emitter 



Refer to 2N4404 for graphs. 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 10 mA) 

2N4026,28,30,32 

2N4027,29,31,33 

V(BR)CEO 

60 

80 

- 

V 

Collector-Base Breakdown Voltage 


V(BR)CB0 



V 

dc = 10 aA) 

2N4026,28,30,32 


60 

— 



2N4027,29,31,33 


80 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

V 

(Ie = 10 aA) 






Collector Cutoff Current 


ICBO 



nA 

(VcB = 50 V) 

2N4026,28,30,32 


— 

50 


(VcB = 60 V) 

2N4027,29,31,33 




50 


(VcB = 50 V, Ta = 150X) 

2N4026,28,30,32 


— 

50 

aA 

(VcB = 60 V, Ta - 150X) 

2N4027,29,31,33 


— 

50 


Emitter Cutoff Current 


Iebo 

— 

10 

aA 

(Veb = 5.0 V) 







ON CHARACTERISTICS 


DC Current Gain 


hpE 



— 

dc = 100 mA, VcE = 5.0 V, @ -55X) 

2N4026,27,30,31 


15 

— 



2N4028,29,32,33 


40 

— 


dc = 100 aA, Vce = 5.0 V) 

2N4026,27,30,31 


30 

_ 



2N4028,29,32,33 


75 

— 


dc = 100 mA, Vce = 5.0 V) 

2N4026,27, 30,31 


40 

120 



2N4028,29,32,33 


100 

300 


dc = 500 mA, Vce = 5.0 V) 

2N4026,27,30,31 | 


25 

_ 



2N4028,29,32,33 


70 

— 


dc = 1.0 A, Vce = 5.0 V) 

2N4026,30 


15 

— 



2N4027,31 


10 

— 



2N4028,32 


40 

— 



2N4029,33 ' 


25 
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2N4026 thru 2N4033 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 



(3) Pulse Width = 300 us, Duty Cycle 1.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N4036 

2N4037 

Unit 

Collector-Emitter Voltage 

VeCO 

65 

40 

(sus)(1) 

Vdc 

Collector-Base Voltage 

VCBO 

90 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

7.0 

7.0 

Vdc 

Base Current 

>B 

0.5 

Adc 

Collector Current — Continuous 

ic 

1.0 

Adc 

Continuous Power Dissipation 
at or Below Tc = 25°C 

Linear Derating Factor 

Pd 

1 

5.0 

28.6 

5.0 

28.6 

Watts 

mW/X 

Continuous Power Dissipation 
at or Below Ta = 25°C 

Linear Derating Factor 

Pd 

1 

1.0 

5.72 

1.0 

5.72 

Watts 

mW/X 

Operating and Storage Junction 
Temperature Range 

I’d' 1’stg 

-65 to -f200 

X 

Lead Temperature 

1/16" from Case for 10 Seconds 

tl 

230 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

2N4036 

2N4037 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

35 

35 

X/W 


(1) Must not be tested on a curve tracer. 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage dc = 100 mAdc, Ig = 0) 

2N4036 

2N4037 

VCEO(sus) 

65 i 

40 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 0.1 mAdc) 

2N4037 

V(BR)CBO 

60 

— 

Vdc 

Collector Cutoff Current 

(VcE = 85 V, Vbe = 1.5 V) 

2N4036 

ICEX 

— 

0.1 

mAdc 


(VCE ^ 30 V, Vbe =• I V, Tc = 150X) 

2N4037 


— 

100 


Collector Cutoff Current 

(VcB = 90 V, Ie = 0) 

2N4036 

ICBO 

— 

1.0 

fiAdc 


(VCB 60 V, Ie = 0) 

2N4037 


1 

0.25 


Emitter Cutoff Current 

(Vbe ^ 7.0 Vdc, Ic = 0) 

2N4036 

'ebo 


10 

ixAdc 


(Vbe ^ 5.0 Vdc, Ic = 0) 

2N4037 



1.0 



ON CHARACTERISTICS 


DC Current Gain (IC =150 mAdc, VcE = 2.0 V) 

2N4036 

hFE 

20 

200 

— 

(Ic = 0.1 mAdc, VcE = 10 V) 

2N4036 


20 

— 


dC = 1.0 mAdc, VcE = 10 V) 

2N4037 


16 

— 


dC = 150 mAdc, Vce = 10 V) 

2N4036 


40 

140 



2N4037 


50 

250 


dC = 500 mAdc, Vce = 10 V) 

2N4036 


20 

— 


Collector-Emitter Saturation Voltage dc =150 mA, Ib = 15 mA) 

2N4036 

VcE(sat) 

— 

0.65 

V 


2N4037 

— 

1.4 


Base-Emitter Saturation Voltage dc = 150 mA, Ib = 15 mA) 

2N4036 

VBE(sat) 

— 

1.4 

V 

Base-Emitter On Voltage dc = 150 mA, Vce = 10 V) 

2N4037 

VBE(on) 

- 

1.5 

V 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance (Vcb = 10 V, f = 1.0 MHz) 

2N4037 

Ccb 

— 

30 

PF 

Current Gain — High Frequency 

2N4036 

|hfel 

3.0 

— 

— 

dc = 50 mA, Vce = 10 V, f = 20 MHz) 

2N4037 


3.0 

10 



SWITCHING CHARACTERISTICS 


Rise Time (Ibi = 15 mA) 

2N4036 

tr 

— 

70 

ns 

Storage Time (Ib 2 = 15 mA) 

2N4036 

^s 

— 

600 

ns 

Fall Time (Ib 2 = 15 mA) 

2N4036 

tf 

— 

100 

ns 

Turn-On Time (Ibi = Ib2) 

2N4036 

fon 

— 

110 

ns 

Turn-Off Time (Ibi = IB2) 

2N4036 

toff 

- 

700 

ns 
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2N4036, 2N4037 


FIGURE 1 — ''«''®“® FIGURE 2 — DISSIPATION DERATING CURVE 

COLLECTOR-EMITTER VOLTAGE 




FIGURE 3 — TYPICAL COLLECTOR-CUTOFF CURRENT versus 
JUNCTION TEMPERATURE 


FIGURE 4 — TYPICAL SATURATION-VOLTAGE 
CHARACTERISTICS 



I ^ I I 

-COLLECTOR CURRENT (Ic) = 
BASE CURRENT (Ib) 

10 
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VCE(sat). COLLECTOR-TO-EMinER SATURATION VOLTAGE (V) 


FIGURE 5 — TYPICAL SMALL-SIGNAL BETA 
CHARACTERISTICS 



FIGURE 6 — MAXIMUM SAFE OPERATING AREAS (SOA) 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N4208 

2N4209 

Unit 

Collector-Emitter Voltage 

VCEO 

12 

15 

Vdc 

Co I lector- Base Voltage 

VCBO 

^2 

15 

Vdc 

Emitter-Base Voltage 

Vebo 

4.5 

Vdc 

Collector Current — Continuous 

ic 

200 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

0.36 

Watt 

Derate above 25°C 


2.06 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.2 

Watts 

Derate above 25°C 


6.9 

mW/°C 

Operating and Storage Junction 

Tj, Tgtg 

i 

-65 to +200 

°C 

Temperature Range 






2N4208 

2N4209 

CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 



SWITCHING TRANSISTORS 


PNP SILICON 


Refer to Ml\/I4257 for graphs. 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) dc = 3.0 mAdc, Ib = 0) 

2N4208 

2N4209 

V(BR)CEO 

12 

15 



— 

Vdc 

Collector-Emitter Breakdown Voltage (Ic = 100 juAdc, Vbe = 0) 

2N4208 

V(BR)CES 

12 

— 

— 

Vdc 


2N4209 


15 

— 

— 


Collector-Base Breakdown Voltage (Iq = 100 ^Adc, Ig = 0) 

2N4208 

V(BR)CBO 

12 

— 

— 

Vdc 


2N4209 


15 

— 

— 


Emitter-Base Breakdown Voltage (Ig = 100 /xAdc, Ic = 0) 

V(BR)EBO 

4.5 

5.9 

_ 

Vdc 

Collector Cutoff Current (Vce = 6.0 Vdc, Vbe = 6) 

2N4208 

•CES 

— 

_ 

10 

nAdc 

(VcE = 8.0 Vdc, Vbe = 0) 

2N4209 


— 

— 

10 


(Vce = 6.0 Vdc, Vbe = o, Ta = i25°c) 

2N4208 


— 

— 

5.0 

^Adc 

(Vce = 8.0 Vdc, Vbe = o, ta = i25°c) 

2N4209 



— 

5.0 


Base Current (Vce = 6.0 Vdc, Vbe = 6) 

2N4208 

Ib 


— 

1.0 

nAdc 

(Vce = 8.0 Vdc, Vbe = o) 

2N4209 


— 

— 

1.0 



ON CHARACTERISTICS 


DC Current Gain 

dc = 1.0 mAdc, Vce = 0.5 Vdc) 

dc = 10 mAdc, Vce = 0.3 Vdc) 

dc = 10 mAdc, Vce = 0.3 Vdc, Ta = -55°C) 

dc = 50 mAdc, VcE = 10 Vdc)(1) 

2N4208 

2N4209 

2N4208 

2N4209 

2N4208 

2N4209 

2N4208 

2N4209 

hpE 

15 

35 

30 

50 

12 

20 

30 

40 

- 

120 

120 


Collector-Emitter Saturation Voltage 


VCE(sat) 




Vdc 

dc = 1.0 mAdc, Ib = 0.1 mAdc) 

2N4208 


— 

— 

0.13 



2N4209 


— 

— 

0.15 


dc = 10 mAdc, Ib = 1.0 mAdc) 

2N4208 

1 





0.15 



2N4209 


— 

— 

0.18 


dc = 50 mAdc, Ib = 5.0 mAdc)(l) 

2N4208 






0.5 



2N4209 


— 

— 

0.6 


Base-Emitter Saturation Voltage 


VBE(sat) 




Vdc 

dc = 1.0 mAdc, Ib = 0.1 mAdc) 



— 

0.7 

0.8 


dc = 10 mAdc, Ib = 1.0 mAdc) 



0.75 

0.86 

0.90 


dc = 50 mAdc, Ib = 5.0 mAdc)(1) 



— 

1.1 

1.5 
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2N4208, 2N4209 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ [ Max [ Unit 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

2N4208 

2N4209 


700 

850 

1000 

1100 

- 

MHz 

Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 140 kHz) 


O^obo 

— 

2.0 

3.0 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 140 kHz) 


o 

.Q 

6 

— 

2.0 

3.5 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 1-5 Vdc, Vbe = O, 

Ic = 10 mAdc, Ibi =1.0 mAdc) 

Ion 

— 

10 

15 

ns 

Delay Time 

td 

— 

5.0 

10 

ns 

Rise Time 

tr 

— 

5.0 

15 

ns 

Turn-Off Time 


2N4208 

toff 

— 

12 

15 

ns 


(Vcc = 1.5 Vdc, 

2N4209 


— 

16 

20 


Storage Time 

Ic = 10 mAdc, 

2N4208 

Is 

— 

12 

15 

ns 


Ibi = Ib 2 = 1.0 mAdc) 

2N4209 


— 

17 

20 


Fall Time 


2N4208 

tf 



6.0 

10 

ns 



2N4209 



8.0 

10 


Storage Time 



Is 




ns 

dC = 10 mAdc, 1 bi ^ 10 mAdc, Ib 2 10 mAdc) 

2N4208 


— 

— 

15 


1 


2N4209 


— 

— 

20 



(1) Pulse Test: Pulse Width 300 ijls . Duty Cycle 2.0%. 

(2) fj is defined as the frequency at which jhfel extrapolates to unity. 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N4234 

2N4235 

2N4236 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

VCBO 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

Vebo 

7.0 

Vdc 

Base Current 

Ib 

0.2 

Vdc 

Collector Current — Continuous 

ic 

1.0 

3.0* 

Adc 

Total Device Dissipation (& Ta = 
25°C 

Derate above 25°C 

Pd 

1.0 

5.7 

Watt 

mW/°C 

Total Device Dissipation Tq = 
25°C 

Derate above 25°C 

Pd 

6.0 

34 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj' Tstg 

-65 to -1-200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

29 

°C/W 


2N4234 

thru 

2N4236 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 



2^1 


GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(l) 

(IC = 100 mAdc, Ib = 0) 

2N4234 

2N4235 

2N4236 

VcEOIsus) 

40 

60 

80 

— 

Vdc 

Collector Cutoff Current 


ICEO 



mAdc 

(VcE = 30 Vdc, Ib = 0) 

2N4234 


— 

1.0 


(VcE = 40 Vdc, Ib = 0) 

2N4235 


— 

1.0 


(VcE = 60 Vdc, Ib = 0) 

2N4236 


— 

1.0 


Collector Cutoff Current 


>CEX 



mAdc 

(VcE = 40Vdc, Vbe ^ 1.5 Vdc) 

2N4234 


— 

0.1 


(VcE = 60 Vdc, Vbe ~ 1.5 Vdc) 

2N4235 


— 

0.1 


(VcE = 80 Vdc, Vbe = 1-5 Vdc) 

2N4236 



0.1 


(VcE = 30 Vdc, Vbe = 1-5 Vdc, Tq = 150°C) 

2N4234 



1.0 


(VcE = 40 Vdc, Vbe = 1-5 Vdc, Jq = 150°C) 

2N4235 


— 

1.0 


(VcE = 60 Vdc, Vbe = 1-5 Vdc, Tq = 150°C) 

2N4236 


— 

1.0 


Collector Cutoff Current 


ICBO 



mAdc 

(VcB = 40 Vdc, Ie = 0) 

2N4234 


— 

0.1 


(VcB = 60 Vdc, Ie = 0) 

2N4235 


— 

0.1 


(VcB = 80 Vdc, Ie = 0) 

2N4236 


— 

0.1 


Emitter Cutoff Current 


'ebo 

— 

0.5 

mAdc 

(Vbe = 7 Vdc, Ic = 0) 


1 





ON CHARACTERISTICS 


DC Current Gain(1) 
dC = 100 mAdc, VcE = 1-0 Vdc) 
dC = 250 mAdc, VcE = 1-0 Vdc) 
dC = 500 mAdc, Vqe = 1-0 Vdc) 
dC = 1.0 Adc, VcE = 1.0 Vdc) 

hpE 

40 

30 

20 

10 

150 


Collector-Emitter Saturation Voltage! 1) 
dC = 1.0 Adc, Ib = 125 mAdc) 

VCE(sat) 

— 

0.6 

Vdc 

Base-Emitter Saturation Voltage(l) 
dc = 1.0 Adc, Ib = 100 mAdc) 

VBE(sat) 

— 

1.5 

Vdc 

Base-Emitter On Voltage ! 

dc = 250 mAdc, VcE = 10 Vdc) 

Vbe 

— 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

fT 

3.0 

_ 

MHz 

dc = 100 mAdc, VcE = 10 Vdc, f = 1.0 MHz) 
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2N4234 thru 2N4236 


ELECTRICAL CHARACTERISTICS (continued) (T/\ = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

— 

100 

PF 

Small-Signal Current Gain 
dC = 50 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hfe 

25 


— 


(1) Pulse Test: PW ^ 300 fjbS, Duty Cycle 2.0%. 
*lndicates Data in addition to JEDEC Requirements. 



Q 



0 25 50 75 100 125 150 175 200 


TEMPERATURE l°C) 

Safe Area Curves are indicated by Figure 2. 

All limits are applicable and must be observed. 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


VcE, COLLECTOR-EMIHER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indi- 
cate Ic — VcE limits below which the device 
will not enter secondary breakdown. Col- 
lector load lines for specific circuits must 
fall within the applicable Safe Area to 
avoid causing a catastrophic failure. To 
Insure operation below the maximum Tj, 
power-temperature derating must be 
observed for both steady state and pulse 
power conditions. 
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Ib, BASE CURRENT ( 


2N4234 thru 2N4236 



0.2 0.4 0.6 0.8 1.0 1.2 

Vbe, BASE-EMIHER voltage (VOLTS) 
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CAPACITANCE (pf) ’ t, TIME (/xsec) 


2N4234 thru 2N4236 


DYNAMIC CHARACTERISTICS 


FIGURE 11 — TURN-ON TIME 


FIGURE 12 — STORAGE TIME 




FIGURE 13 — CAPACITANCE 


FIGURE 14 — FALL TIME 




MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


3-193 






MAXIMUM RATINGS 


Rating 

Symbol 

2N4237 

2N4238 

2N4239 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

VCBO 

50 

80 

100 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

Vdc 

Base Current 

<B 

500 

mA 

Collector Current — Continuous 

•c 

1.0 

3.0* 

Adc 

Total Device Dissipation 
@ Ta = 25°C 

Derate above 25°C 

pd 

1.0 

5.3 

Watt 

mW/X 

Total Device Dissipation 
@ Tc = 25°C 

Derate above 25°C 

Pd 

.. . 

6.0 

34 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj' Tstg 

-65 to -1-200 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rejc 

?! 

X/W 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 


Characteristic 


2N4237 

thru 

2N4239 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 



GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 


Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(l) 
dC = 100 mAdc, Ib = 0) 

2N4237 

2N4238 

2N4239 

VCEO(sus) 

40 

60 

80 

- 

Vdc 

Collector Cutoff Current 


ICEX 



mAdc 

(VcE = 50 Vdc, Veb = 1-5 Vdc) 

2N4237 


— 

0.1 


(VcE = 80 Vdc, Veb = 1-5 Vdc) 

2N4238 


— 

0.1 


(VcE = 100 Vdc, Veb = 1-5 Vdc) 

2N4239 


_ 

0.1 


(VcE = 30 Vdc, Veb = 1-5 Vdc, Tq = 150X) 

2N4237 




1.0 


(VcE = 50 Vdc, Veb = 1-5 Vdc, Tq = 150X) 

2N4238 



1.0 


(VcE = 70 Vdc, Veb = 1.5 Vdc, Tc = 150X) 

2N4239 


— 

1.0 


Collector Cutoff Current 


•CBO 



mAdc 

(VcB = Rated VcbO' 'E = 0) 



— 

0.1 


(VcE = Rated VcEO' 'B = 0) 



— 

.07 


Emitter Cutoff Current 


iebo 

— 

0.5 

mAdc 

(Veb = 6.0 Vdc, ic = 0) 







ON CHARACTERISTICS 


DC Current Gain(1) 
dC = 50 mAdc, Vqe = 1-0 Vdc) 
dC = 250 mAdc, Vqe = 1-0 Vdc) 
dC = 500 mAdc, Vqe = 1-0 Vdc) 
dC = 1.0 Adc, Vce = 1.0 Vdc) 

hpE 

30 

30 

30 

15 

150 


Collector-Emitter Saturation Voltage(l) 

(Iq = 500 mAdc, Ib = 50 mAdc) 
dC = 1.0 Adc, Ib = 0.1 Adc) 

VcE(sat) 

- 

0,3 

0.6 

Vdc 

Base-Emitter Saturation Voltage(l) 
dC = 1.0 Adc, Ib = 0.1 Adc) 

VBE(sat) 

— 

1.5 

Vdc 

Base-Emitter On Voltage(l) 
dC = 250 mAdc, Vce = l-O Vdc) 

VBEIon) 

— 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 10 Vdc, Ic = 0, f = 0.1 MHz) 

^obo 

— 

100 

pF 

Small Signal Current Gain 
dC = 100 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 

hfe 

30 

— 

— 

Current Gain — High Frequency 
(Vce = 10 V, Ic = 100 mA, f = 1 MHz) 

|l^fel 

1.0 

— 

— 


(1) Pulse Test: Pulse Width 300 ixs, Duty Cycle 2.0%. 
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2N4237 thru 2N4239 


FIGURE 1 — POWER-TEMPERATURE DERATING CURVE 



To CASE TEMPERATURE {°C) 


Safe Area Curves are indicated by Figure 5. All limits are applicable 
and must be observed. 


SWITCHING CHARACTERISTICS 

FIGURE 2 — SWITCHING TIME EQUIVALENT CIRCUIT FIGURE 3 — TURN-ON TIME 






FIGURE 4 — THERMAL RESPONSE 



t, TIME (ms) 
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hpE, DC CURRENT GAIN ^ V, STORAGE TIME (/xs) Ic. COLLECTOR CURRENT (AMPS) 


2N4237 thru 2N4239 


FIGURE 5 — ACTIVE-REGION SAFE OPERATING AREAS 


There are two limitations on the power han- 
dling ability of a transistor: junction temperature 
and secondary breakdown. Safe operating area 
curves indicate Ic— V ce limits of the transistor that 
must be observed for reliable operation; i,e., the 
transistor must not be subjected to greater dissi- 
pation than the curves indicate. 

For this particular transistor family, the ther- 
mal curves are the limiting design values, except 
for a small portion of the dc curve. The pulse 
secondary breakdown curves are shown for 
information only. 


1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

Vce, collector-emitter VOLTAGE (VOLTS) 




10 20 30 50 70 100 200 300 500 700 1000 


Ic, COLLECTOR CURRENT (mA) 



Ic, COLLECTOR CURRENT (mA) 


TYPICAL DC CHARACTERISTICS 

FIGURE 8 — CURRENT GAIN FIGURE 9 — COLLECTOR SATURATION REGION 
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IcjCOLLECTOR CURRENT {/J\) EXTERNAL BASE-EMIHER RESISTANCE (OHMS) 


2N4237 thru 2N4239 
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MAXIMUM RATINGS 


2N4260 

2N4261 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

Vdc 

Collector-Base Voltage 

VCBO 

15 

Vdc 

Emitter-Base Voltage 

Vebo 

4.5 

Vdc 

Collector Current — Continuous 

•c 

30 

mAdc 

Total Device Dissipation @ T^ = 25°C 

Pd 

200 

mW 

Derate above 25°C 


1.14 

mwrc 

Operating and Storage Junction 
Temperature Range 

Tj, Tgtg 

-65 to +200 

X 


2N4261 JAN, JTX AVAILABLE 
CASE 20-03, STYLE 10 
TO-72 (TO-206AF) 




SWITCHING TRANSISTORS 


PNP SILICON 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mAdc, Ie = 0) 

V(BR)CEO 

15 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

15 

— 

Vdc 

dC = 10 ^Adc, Ie = 0) 





Emitter-Base Breakdown Voltage 

V(BR)EBO 

4.5 

— 

Vdc 

(Ie = 10 /btAdc, Ic = 0) 





Collector Cutoff Current 

'CEX 



fiAdc 

(VcE = 10 Vdc, VBEIoff) = 2.0 Vdc) 


— 

0.005 


(VcE = 10 Vdc, VBE(off) = 2.0 Vdc, Ta = 150X) 



5.0 


(VcE = 10 Vdc, VEB(on) = 0.4 Vdc) 



0.05 


Base Cutoff Current 

Ibl 

— 

0.005 

jtiAdc 

(VcE = 10 Vdc, VBE(off) = 2.0 Vdc) 






ON CHARACTERISTICS 


DC Current Gain 

dC = 1.0 mAdc, VcE = 10 Vdc) 
dC = 10 mAdc, VcE = 1-0 Vdc) 
dC = 30 mAdc, VcE = 2.0 Vdc) 

hpE 

25 

30 

20 

150 


Collector-Emitter Saturation Voltage 

VCE(sat) 



Vdc 

dC = 1.0 mAdc, Ib = 0.1 mAdc) 


— 

0.15 


dC = 10 mAdc, Ib = 1.0 mAdc) 


— 

0.35 


Base-Emitter On Voltage 

VBE(on) 



Vdc 

dC = 1.0 mAdc, VcE = 10 Vdc) 


— 

0.8 


dC = 10 mAdc, VcE = 10 Vdc) 


— 

1.0 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 5.0 mAdc, Vqe = 4.0 Vdc, f = 100 MHz) 

dC = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

2N4260 

2N4261 

2N4260 

2N4261 

fT 

1200 

1500 

1600 

2000 

- 

MHz 

Output Capacitance 


Cobo 

— 

2.5 

PF 

(VcB = 4.0 Vdc, Ie = 0, f = 100 kHz) 






Input Capacitance 


Cibo 

— 

2.5 

pF 

(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 






Current Gain — High Frequency 

2N4260 

|hfel 

16 

— 

— 

dC = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

2N4261 


20 

— 
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2N4260, 2N4261 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Collector Base Time Constant 

rb'Cc 



ps 

dC = 5.0 mAdc, VcE = 4.0 Vdc, f = 31.8 MHz) 2N4260 


— 

35 


2N4261 


— 

60 


dC = 10 mAdc, VcE = 10 Vdc, f = 31.8 MHz) 2N4260 




30 


2N4261 


— 

50 




Typical Performance 




(Vout = 

1.0 V) 


SWITCHING CHARACTERISTICS 


@ 10 mA 

@ 30 mA 


Rise Time 

tr 

0.5 

0.9 

ns 

Fall Time 

tf 

1.0 

1.2 

ns 

Turn-On Time 

lon(delav) 

1.0 

1.2 

ns 

Turn-Off Delay Time 

loff(delav) 

1.0 

1.2 

ns 


TYPICAL CHARACTERISTICS 



1.0 2.0 3.0 5.0 7,0 10 20 30 

Ic, COLLECTOR CURRENT (mA) 


FIGURE 3 — "ON" VOLTAGES 



FIGURE 2 — COLLECTOR SATURATION REGION 




>.o l ^ I - I I I I 

0 10 20 30 

Ic, COLLECTOR CURRENT (mA) 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

80 

Vdc 

Collector-Base Voltage 

VCBO 

80 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

Ic 

1.0 

Adc 

Total Device Dissipation @ Ta = 25°C 

Pd 

1.25 1 

Watts 

Derate above 25°C 


7.15 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

8.75 

Watts 

Derate above 25°C 


50 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj' Tstg 

- 65 to + 200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

25 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

140 

°c/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) (Ic = 10 mAdc, Ib 

= 0) 

V(BR)CEO 

80 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 10 ^Adc, Ig = 0) 

V(BR)CBO 

80 

— 

Vdc 

Emitter-Base Breakdown Voltage (1^ = 10 ixAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current (VcB = 60 Vdc, Ig = 0) 

•CBO 

— 

25 

nAdc 

Emitter Cutoff Current (Vbe = 3.0 Vdc, Ic = 0) 

Iebo 

— 

25 

nAdc 

ON CHARACTERISTICS 

DC Current Gain 


hpE 



_ 

dC = 0.1 mAdc, VcE = 5.0 Vdc) 

2N4404 


30 

— 



2N4405 


75 

— 


(Ic = 10 mAdc, VcE = 5.0 Vdc) 

2N4404 


40 





2N4405 


100 

— 


dC = 150 mAdc, Vce = 5.0 Vdc)(1) 

2N4404 


40 

120 



2N4405 


100 

300 


dC = 500 mAdc, Vce = 5.0 Vdc)(1) 

2N4404 


30 

_ 



2N4405 


50 

— 


Collector-Emitter Saturation Voltage 


VcE{sat) 



Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 



0.15 


(Ic = 150 mAdc, Ib = 15 mAdc)(1) 



— 

0.2 


dC = 500 mAdc, Ib = 50 mAdc)(1) 




0.5 


Base-Emitter Saturation Voltage 


VBE(sat) 



Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 



— 

0.8 


dC = 500 mAdc, Ib = 50 mAdc)(1) 



0.85 

1.2 


Base-Emitter On Voltage 


VBE(on) 

— 

0.9 

Vdc 

dC = 150 mAdc, Vce = 1.0 Vdc) 






SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, VcE = 20 Vdc, f = 100 MHz) 

fT 

200 

600 

MHz 

Collector-Base Capacitance 
(VcB = 10 Vcic, Ie = 0, f = 1.0 MHz) 

Ccb 

— 

10 

PF 

Emitter-Base Capacitance 
(Vbe = 0.5 Vdc, Ic = 0, f = l.o MHz) 

Ceb 

! 

1 

75 

PF 
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2N4404, 2N4405 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol ] Min I Max I Unit 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 30 Vdc, VBE(off) = 2.0 Vdc, 

td 

— 

15 

ns 

Rise Time 

IC = 500 mAdc, Ibi = 50 mAdc) 

tr 

— 

25 

ns 

Storage Time 

(Vcc = 30 Vdc, Ic = 500 mAdc, 

ts 

— 

175 

ns 

Fall Time 

Ibi = IB2 = 50 mAdc) 

tf 

- 

35 

ns 


(1) Pulse Test: Pulse Width ^ 300 /is, Duty Cycle 2,0%. 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 


FIGURE 1 — TURN-ON 


FIGURE 2 — TURN-OFF 



PULSE WIDTH = 200 ns 
RISE TIME < 2.0 ns 
DUTY CYCLE <2.0% 



TRANSIENT CHARACTERISTICS 

25°C 100°C 



0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 

REVERSE VOLTAGE (VOLTS) 


FIGURE 4 — CHARGE DATA 



10 20 30 50 100 200 300 500 1000 

Iq, collector current (mA) 



10 20 30 50 70 100 200 300 500 700 1000 

Iq, collector current (mA) 



10 20 30 50 70 100 200 300 500 700 1000 


Iq, collector current (mA) 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 







2N4404, 2N4405 


FIGURE 7 — STORAGE TIME 



Q 20 30 50 70 100 200 300 500 700 1000 

| 0 , COLLECTOR CURRENT (mA) 


FIGURE 8 — FALL TIME 

I I I I I I I I |vrn = 30V._ 




20 30 50 70 100 200 300 500 700 1000 

Iq, collector current (mA) 


SMALL-SIGNAL CHARACTERISTICS 
NOISE FIGURE 

VcE = 10 Vdc, Ta = 25°C 



4 - 








-+4 












FIGURE 9 — FREQUENCY EFFECTS 


Iq - 1.0 mA,/Rg - 100 

I I lid /i a! Rs=*680 I 


FIGURE 10 — SOURCE RESISTANCE EFFECTS 


10 /uA, Rg = 7.0 k ohms 






1 

















J 














Resistanci 



























L 







1 






0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 

f, FREQUENCY (kHz) 



100 200 300 500 1.0k 2.0k 3.0k 5.0k 10k 

Rg, SOURCE RESISTANCE (ohms) 


h PARAMETERS 

VcE = 10 Vdc, f = 1.0 kHz, Ta = 25°C 

This group of graphs illustrates the relationship of the "h" parameters for this series of transistors. To obtain these 
curves, 4 units were selected and identified by number — the same units were used to develop curves on each graph. 


FIGURE 11 — CURRENT GAIN 


FIGURE 12 — INPUT IMPEDANCE 




IC, COLLECTOR CURRENT (mA) IC, COLLECTOR CURRENT (mA) 
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Vrc, COLLECTOR-EMITTER VOLTAGE (VOLTS) hpE, DC CURRENT GAIN (NORMALIZED) ’’re, VOLTAGE FEEDBACK RATIO (X10-4) 


2N4404, 2N4405 


FIGURE 13 — VOLTAGE FEEDBACK RATIO 


FIGURE 14 — OUTPUT ADMITTANCE 
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2N4404, 2N4405 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

80 

Vdc 

Collector-Base Voltage 

VCBO 

80 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

*Collector Current — Continuous* 

•c 

2.0 

Amps 

Total Device Dissipation @ Ta = 25°C* 

Pd 

1.25 

Watts 

Derate above 25°C 


7.15 

mwrc 

Total Device Dissipation @ Tq = 25°C* 

Pd 

8.75 

Watts 

Derate above 25°C 


50 

mwrc 

Operating and Storage Junction 
Temperature Range 

Tj/ Tstg 

-65 to + 200 

°c 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

20 

°c/w 

Thermal Resistance, Junction to Ambient 

R0JA 

140 

°c/w 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 


Characteristic 


Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) dc = 10 mAdc, Ib 

= 0) 

V(BR)CEO 

80 

— 

Vdc 

Collector-Base Breakdown Voltage dc = 10 ^Adc, Ig = 0) 

V(BR)CBO 

80 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 10 fiAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current (Vcb = 60 Vdc, Ig = 0) 

ICBO 

— 

25 

nAdc 

Emitter Cutoff Current (Vbe = 3.0 Vdc, Iq = 0) 

Iebo 

— 

25 

nAdc 

ON CHARACTERISTICS 

DC Current Gain(1) 


hPE 



— 

dc = 10 mAdc, VcE = 5.0 Vdc) 

2N4406 


30 

— 



2N4407 


80 

— 


dc = 150 mAdc, VcE = 5.0 Vdc) 

2N4406 


30 

— 



2N4407 


80 

— 


dc = 500 mAdc, Vce = 5.0 Vdc) 

2N4406 


30 

120 



2N4407 


80 

240 


dc = 1.0 Adc, Vce = 5.0 Vdc) 

2N4406 


20 

_ 



2N4407 


30 

— 


dc = 1.5 Adc, Vce = 5.0 Vdc) 

2N4406, 2N4407 


10 

— 


Collector-Emitter Saturation Voltage 


VCE(sat) 



Vdc 

dc =150 mAdc, Ib = 15 mAdc) 



— 

0.2 


dc = 500 mAdc, Ib = 50 mAdc) 



— 

0.4 


dc = 1.0 Adc, Ib = 100 mAdc) 



— 

0.7 


dc = 1.5 Adc, Ib = 150 mAdc) 



— 

1.5 


Base-Emitter Saturation Voltage 


VBE(sat) 



Vdc 

dc = 150 mAdc, Ib = 15 mAdc) 



— 

0.9 


dc = 1-0 Adc, Ib = 100 mAdc) 



0.9 

1.3 


dc = 1.5 Adc, Ib = 150 mAdc) 



— 

1.5 


Base-Emitter On Voltage 


VBE(on) 

— 

1.0 

Vdc 

dc = 500 mAdc, Vce = 10 Vdc) 







SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (Ic = 50 mAdc, Vce = 20 Vdc, f = 100 MHz) 

^T 

150 

750 

MHz 

Collector-Base Capacitance (Vcb = 1® Vdc, l^ = 0, f = 1.0 MHz) 

^cb 

— 

15 

PF 

Emitter-Base Capacitance (Vbe = 6-5 Vdc, Ic = 0, f = 1.0 MHz) 

^eb 

- 

160 

PF 


(1) Pulse Test: Pulse Width ^ 300 fxs, Duty Cycle « 2.0%. 
^Indicates Data in addition to JEDEC Requirements. 
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2N4406, 2N4407 

ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristics | Synnbol | Min | Max [ Un 

SWITCHING CHARACTERISTICS 

Delay Time I (Vpr = 30 Vdc, Vuc/nm = 2.0 Vdc, I td I — I 15 | m 


Rise Time IC - 10 Adc, If 

Storage Time = 30 Vdc, 

Fall Time Iri = IB2 = 10 

(1) Pulse Test: Pulse Width « 300 /xs, Duty Cycle « 2.0%. 
^Indicates Data in addition to JEDEC Requirements. 


(Vcc = 30 Vdc, VBE(off) = 2.0 Vdc, 
Ic = 1.0 Adc, Ibi = 100 mAdc) 

(Vcc = 30 Vdc, Ic = 1.0 Adc, 

'B1 = IB2 = 100 rnAdc) 


td 

— 

15 

n 


tr 

— 

60 

n 


Is 

— 

175 

n! 


tf 

- 

50 

n! 

s 


STATIC CHARACTERISTICS 


FIGURE 1 — DC CURRENT GAIN 


1.0 2.0 3.0 5.0 7 0 10 20 30 50 70 100 200 300 500 7001000 

Ic, COLLECTOR CURRENT (mA) 


FIGURE 2 — COLLECTOR SATURATION REGION 
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0.1 0.2 0.5 1.0 2.0 5.0 10 20 

Ib, BASE CURRENT (mA) 


FIGURE 3 — "ON" VOLTAGES 


FIGURE 4 — TEMPERATURE COEFFICIENTS 


VBE(sat) = IC/lB = lU 


VCE (sat) @IC/IB = 10 


10 


■■ 1 
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2N4406, 2N4407 


TRANSIENT CHARACTERISTICS 

25X lOOX 


FIGURE 6 — CAPACITANCES 


FIGURE 7 — CHARGE DATA 


).2 0.5 1.0 2.0 5.0 10 20 50 100 

REVERSE VOLTAGE (VOLTS) 


1.0 2.0 5.0 10 20 50 100 200 500 1000 

IC, COLLECTOR CURRENT (mA) 


FIGURE 8 — TURN-ON TIME 


FIGURE 9 — TURN-OFF TIME 



td @ Vbe (off) = 2.0 V 



td@VBE(off) = 0 


20 50 100 200 

IC, COLLECTOR CURRENT (mA) 



20 30 50 70 100 200 300 500 700 1000 

IC, COLLECTOR CURRENT (mA) 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 


FIGURE 10 — TURN-ON TIME 


FIGURE 11 — TURN-OFF TIME 



PULSE WIDTH = 200 ns 
RISE TIME <2.0 ns 
DUTY CYCLE < 2.0% 




10< ti < 500 jus 
t2< 10 ns 
t 3 > 1.0 /us 

DUTY CYCLE < 2.0% 
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2N4453 


For Specifications, See 2N869A Data. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector 1 to Collector 2 Voltage 

VC1C2 

±200 

Vdc 

Voltage Rating any Lead to Case 


±200 


Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

600 

mAdc 


One Die 

Both Die 


Total Device Dissipation @ Ta = 25°C 

Pd 

300 

600 

mW 

Derate above 25°C 


2.0 

4.0 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.0 

2.0 

Watts 

Derate above 25°C 


6.67 

13.33 


Operating and Storage Junction 

Tj. Tgtg 

-65 to +200 

°C 

Temperature Range 





2N4854 

2N4855 


2N4854 — JAN, JTX, JTXV 
AVAILABLE 
CASE 654-07, STYLE 5 


Collector 1 7 Collector 



Emitter 3 5 Emitter 


COMPLEMENTARY DUAL 
AMPLIFIER TRANSISTORS 

NPN/PNP SILICON 


Refer to MD6001 for graphs. 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

40 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 10 fiAdc, Ie = 0) 

V(BR)CBO 

60 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 fiAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 50 Vdc, Ie = 0, Ta = 150X) 

ICBO 

— 

10 

yu-Adc 

Emitter Cutoff Current 
(Veb = 3.0 Vdc, Ic = 0) 

Iebo 

— 

10 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 


hPE 



— 

(Ic = 0.1 mAdc, VcE = 10 Vdc) 

2N4854 


35 

— 



2N4855 


20 

— 


dC = 1.0 mAdc, VcE = 10 Vdc) 

2N4854 


50 

— 



2N4855 


25 

— 


dC = 10 mAdc, VcE = 10 Vdc)(1) 

2N4854 


75 





2N4855 


35 

— 


dC = 150 mAdc, VcE = 10 Vdc)(1) 

2N4854 


100 

300 



2N4855 


40 

120 


dC = 150 mAdc, VcE = 10 Vdc)(1) 

2N4854 


50 

— 



2N4855 


20 

— 


dC = 300 mAdc, VcE = 10 Vdc)(1) 

2N4854 


35 

_ 



2N4855 


20 

— 


Collector-Emitter Saturation Voltage(l) 


VCE(sat) 

— 

0.4 

Vdc 

dC = 150 mAdc, Ib = 15 mAdc) 






Base-Emitter Saturation Voltage(l) 


VBE(sat) 

0.75 

1.2 

Vdc 

(Ic = 150 mAdc, Ib = 15 mAdc) 







SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

^T 

200 

— 

MHz 

dC = 20 mAdc, VcE = 10 Vdc, f = 100 MHz) 
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2N4854, 2N4855 


ELECTRICAL CHARACTERISTICS (continued) (T^ = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

Collector-Base Capacitance 


Ccb 

— 

8.0 

PF 

(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 






Input Impedance 


hie 



kohms 

dC = 1.0 mAdc, VcE - 10 Vdc, f = 1.0 kHz) 

2N4854 


1.5 

9.0 



2N4855 


0.75 

4.5 


Small-Signal Current Gain 


hfe 



— 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

2N4854 


60 

300 


2N4855 


30 

150 


Output Admittance 


hoe 



/nmhos 

(IC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

2N4854 


— 

50 



2N4855 


— 

25 


Noise Figure 


NF 

— 

8.0 

dB 

dC = 100 /xAdc, VcE = 10 Vdc, Rs = 1-0 kohm, f = 

1.0 kHz) 






SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 30 Vdc, VsEloff) = 0.5 Vdc, 

td 

— 

20 

ns 

Rise Time 

Ic = 150 mAdc, Ibi = 15 mAdc) 

tr 

— 

40 

ns 

Storage Time 

(Vcc = 30 Vdc, Ic = 150 mAdc, 

Is 

— 

280 

ns 

Fall Time 

Ibi = Ib 2 = 15 mAdc) 

tf 

- 

70 

ns 


(1) Pulse Test: Pulse Width ^ 300 /ns, Duty Cycle 2.0%. 
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2N4890 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

1.0 

Adc 

Total Device Dissipation @ Ta = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


5.7 

mW/X 

Total Device Dissipation @ Tq = 25°C 

Pd 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/X 

Operating and Storage Junction 

Tj» Tgtg 

-65 to +200 

X 

Temperature Range 




CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 



GENERAL PURPOSE 
TRANSISTOR 

PNP SILICON 


Refer to 2N4033 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) (Iq = 100 /u-Adc, Ib = 0) 

V(BR)CEO 

40 

— 

— 

Vdc 

Collector-Emitter Breakdown Voltage (Iq = 10 mAdc, Rbe = 10 ohms) 

V(BR)CER 

50 

— 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 100 /xAdc, Ig = 0) 

V(BR)CBO 

60 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ig = 100 ixAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

— 

Vdc 

Collector Cutoff Current (Vqe = 60 Vdc, VsEloff) ^ 1.5 Vdc) 

ICEX 

— 

— 

0.25 

/LtAdc 

Base Cutoff Current (Vqe = 60 Vdc, VBE(off) = 1-5 

»BL 

— 

— 

0.25 

fiAdc 


ON CHARACTERISTICS 


DC Current Gain 

dC = 150 mAdc, Vqe = 2.5 Vdc) 
dC = 150 mAdc, Vqe = 10 Vdc) 

*dC = 500 mA, VcE = 5 Vdc(1) 

hpE 

25 

50 

15 

130 

140 

250 


Collector-Emitter Saturation Voltage 
dC = 150 mAdc, Ib = 15 mAdc) 

VcE(sat) 

— 

0.12 

1.4 

Vdc 

Base-Emitter Saturation Voltage 
dC = 150 mAdc, Ib = 15 mAdc) 

VBE(sat) 

— 

0.82 

1.7 

Vdc 

Base-Emitter On Voltage 
dC = 150 mAdc, Vqe = 2.5 Vdc) 

VBE(on) 

— 

0.74 

1.7 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, Vqe = 10 Vdc, f = 20 MHz) 

fr 

100 

280 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 140 kHz) 

Cobo 


9.0 

15 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 140 kHz) 

o 

XJ 

6 

— 

60 

80 

PF 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 30 Vdc, VBE(off) = 0.8 Vdc, 

td 

— 

15 

50 

ns 

Rise Time 

Ic = 150 mAdc, Ibi = 15 mAdc) 

tr 

20 

20 

50 

ns 

Storage Time 

(Vcc = 30 Vdc, Ic = 1 50 mAdc, 

Is 

— 

110 

200 

ns 

Fall Time 

Ibi = Ib 2 = 16 mAdc) 

tf 

— 

20 

70 

ns 


(1) Pulse Test: Pulse Width = 300 /as. Duty Cycle 2.0%. 
*lndicates Data in Addition to JEDEC Requirements. 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N4926 

2N4927 

Unit 

Collector-Emitter Voltage 

VCEO 

200 

250 

Vdc 

Collector-Base Voltage 

VCBO 

200 

250 

Vdc 

Emitter-Base Voltage 

vebo 

7.0 

Vdc 

Collector Current — Continuous 

ic 

50 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


5.71 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/°C 

Operating and Storage Junction 

Tstg 

- 65 to -i- 200 

X 

Temperature Range 





Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

35 

X/W 

Thermal Resistance, Junction to Ambient 

R6UA 

175 

x/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic j Symbol [ Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
dC = 10 mAdc, Ib = 0) 

2N4926 

2N4927 

V(BR)CEO 

200 

250 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dC = 0.1 mAdc, Ic = 0) 

2N4926 


200 

— 



2N4927 


250 

— 


Emitter-Base Breakdown Voltage 


V{BR)EB0 

7.0 

— 

Vdc 

(Ie = 0.1 mAdc, Ic = 0) 






Collector Cutoff Current 


ICBO 



jU,Adc 

(VcB = 100 Vdc, Ie = 0) 

2N4926 


— 

0.1 


(VcB = 100 Vdc, Ie = 0, Ta = 100X) 



— 

10 


(VcB = 150 Vdc, lE = 0) 

2N4927 


— 

0.1 


(VcB = 150 Vdc, Ie = 0, Ta = 100X) 



— 

10 


Emitter Cutoff Current 


Iebo 

— 

0.1 

/xAdc 

(Vbe = 5.0 Vdc) 







ON CHARACTERISTICS (1) 


DC Current Gain 

dC = 3.0 mAdc, VcE = 10 Vdc) 

hpE 

10 

_ 

_ 


dC = 10 mAdc, VcE = 10 Vdc) 


15 

— 



dC = 30 mAdc, VcE = 10 Vdc) 


20 

200 



dC = 50 mAdc, VcE = 20 Vdc) 


20 

— 


Collector-Emitter Saturation Voltage 

(Ic = 10 mAdc, Ib = 1.0 mAdc) 

VCE(sat) 

— 

1.0 

Vdc 


(Ic = 30 mAdc, Ib = 3.0 mAdc) 

— 

2.0 


Base-Emitter Saturation Voltage 

(Ic = 10 mAdc, Ib = 1.0 mAdc) 

VBE(sat) 

_ 

1.2 

Vdc 


dC = 50 mAdc, Ib = 3.0 mAdc) 

— 

1.5 


Base-Emitter On Voltage (Ic = 30 mAdc, VcE = 10 Vdc) 

VBE(on) 

— 

1.5 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product dc = 10 mAdc, Vce = 20 Vdc, f = 20 MHz) 

fT 

30 

300 

MHz 

Collector-Base Capacitance (VcB = 20 Vdc, Ie = 0, f = 140 kHz) 

Ccb 

— 

6.0 

PF 

Input Impedance (Ic = 10 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 

hie 

75 

2000 

ohm 

Voltage Feedback Ratio dc = 10 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 

hre 

0.1 

2.0 

X 10-4 

Small-Signal Current Gain dc = 10 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 

hfe 

25 

250 

— 

Output Admittance dc = 10 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 

hoe 

— 

50 

yamhos 

Real Part of Input Impedance (Ic = 10 mAdc, Vce = 20 Vdc, f = 5.0 MHz) 

R6(hj0) 

4.0 

200 

ohms 


(1) Pulse Test: Pulse Width ^ 300 ixs, Duty Cycle 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N4928 

2N4929 

2N4930 

2N4931 

Unit 

Collector-Emitter Voltage 

VCEO 

100 

150 

200 

250 

Vdc 

Collector-Base Voltage 

VCBO 

100 

150 

200 

250 

Vdc 

Emitter-Base Voltage 

vebo 

4.0 

4.0 

4.0 

4.0 

Vdc 

Collector Current — 
Continuous 

ic 

100 

500 

500 

500 

mAdc 

Total Device Dissipation 

PD 

0.6 

1.0 

1.0 

1.0 

Watt 

@ Ta = 25°C 

Derate above 25°C 


3.4 

5.71 

5.71 

5.71 

mW/°C 

Total Device Dissipation 

Pd 

3.0 

5.0 

5.0 

5.0 

Watt 

@ Tc = 25°C 

Derate above 25°C 


17.2 

28.6 

28.6 

28.6 

mW/°C 

Operating and Storage 
Junction Temperature 

Tj/ Tstg 


-65 to 

+ 200 


°C 

Range 








2N4928 

thru 

2N4931 

2N4930 and 2N4931 JAN, JTX & 
JTXV AVAILABLE 
CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 



GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 


Refer to 2N3494 for graphs for 2N4928.* 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


1 

Characteristic 

1 Symbol | 

Min 

1 Max 1 

Unit 1 

OFF CHARACTERISTICS 







Collector-Emitter Breakdown Voltage(l) 
dC = 10 mAdc, Iq = 0) 

2N4928 

2N4929 

2N4930 

2N4931 

V(BR)CEO 

100 

150 

200 

250 

— 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

(Ie = 0, Ic = 100 AAdc) 

2N4928 


100 

— 



2N4929 


150 

— 



2N4930 


200 

— 



2N4931 


250 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

4.0 

— 

Vdc 

(Ie = 100 ixA6c, Ic = 0) 






Collector Cutoff Current 


'CBO 



/itAdc 

(VcB = 50 Vdc, Ie = 0) 

2N4928 


— 

0.5 


(VcB = 75 Vdc, Ie = 0) 

2N4929 


— 

0.5 


(VcB = 150 Vdc, Ie = 0) 

2N4930, 2N4931 


— 

1.0 


Emitter Cutoff Current 


Iebo 



yuAdc 

(Vbe = 3.0 Vdc, Ic = 0) 

2N4928, 2N4929 


— 

0.5 


(Vbe = 3.0 Vdc, Ic = 0) 

2N4930, 2N4931 


— 

1.0 



ON CHARACTERISTICS 


DC Current Gain 


hpE 



_ 

dC = 1.0 mAdc, VcE = 10 Vdc) 

All Types 


20 

— 


dC = lOmAdc, VcE = 10Vdc)(1) 

2N4928, 2N4929 


25 

200 


2N4930, 2N4931 


20 

200 


dC = 50 mAdc, VcE = 10 Vdc)(1) 

2N4928, 2N4929 


20 




dC = 30 mAdc, VcE = 10 Vdc)(1) 

2N4930, 2N4931 


20 

— 


Collector-Emitter Saturation Voltage(l) 


VCE(sat) 



Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 

2N4928, 2N4929 


— 

0.5 


2N4930, 2N4931 


— 

5.0 


Base-Emitter On Voltage 


VBE(on) 

— 

1.0 

Vdc 

dC = 10 mAdc, VcE = 10 Vdc) 
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2N4928 thru 2N4931 


ELECTRICAL CHARACTERISTICS (continued) (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit^ 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 20 mAdc, Vce = 20 Vdc, f = 100 MHz) 
dC = 20 mAdc, Vce = 20 Vdc, f = 20 MHz) 

2N4928, 2N4929 
2N4930, 2N4931 

fT 

— 

100 

20 

1,000 

200 

MHz 

Collector-Base Capacitance 


Ccb 



PF 

(VcB = 20 Vdc, Ie = 0, f = 140 kHz) 

2N4928 


— 

6.0 


(VcB = 20 Vdc, Ie = 0, f = 140 kHz) 

2N4929 


— 

10 


(VcB = 20 Vdc, Ie = 0, f = 140 kHz) 

2N4930, 2N4931 


— 

20 


Emitter-Base Capacitance 


Ceb 



pF 

(Vbe = 2.0 Vdc, Ic = 0, f = 140 kHz) 

2N4928 


— 

40 


(Vbe = 1-0 Vdc, Ic = 0, f = 140 kHz) 

2N4929 


— 

80 


(Vbe = 0-5 Vdc, Ic = 0, f = 140 kHz) 

2N4930, 2N4931 


— 

400 



(1) Pulse Test: Pulse Width ^ 300 ( ms , Duty Cycle < 2.0%. 
Refer to 2N3634 for graphs for 2N4929. 

Refer to 2N3743 for graphs for 2N4930 and 2N4931. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector 1 to Collector 2 Voltage 

VC1C2 

±200 

Vdc 

Voltage Rating and Lead to Case 


±200 


Collector-Base Voltage 

VCBO 

50 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Base Current 

1b 

10 

mAdc 

Collector Current — Continuous 

ic 

50 

mAdc 


One Die 

Both Die 


Total Device Dissipation 

Pd 




@ Ta = 25°C — Ceramic 


250 

350 


Metal Can 


500 

600 


Derate above 25°C — Ceramic 


1.5 

2.0 

mW 

Metal Can 


2.9 

3.4 

mW/X 

Total Device Dissipation @ Tq = 25°C 

Pd 




Derate above 25°C 


1.2 

2.0 

Watts 

Metal Can 


6.85 

11.42 

mW/X 

Operating and Storage Junction 

Tj, Tgtg 

-65 to +200 

X 

Temperature Range 





2N4937 
thru 
2N4939 

CASE 654-07 
STYLE 1 

2N4941 

CASE 610A-04 
STYLE 1 

DUAL 

AMPLIFIER TRANSISTORS 

PNP SILICON 


Refer to MD3250,A for graphs. 




ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol ~] Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

40 

— 

Vdc 

Collector-Base Breakdown Voltage 
(Ic = 10 /xAdc, Ig = 0) 

V(BR)CBO 

50 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 ^Adc, Ic = 0) 

V{BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 40 Vdc, Ie = 0) 

ICBO 

— 

20 

nAdc 

Emitter Cutoff Current 
(Vbe = 3.0 Vdc, Ic = 0) 

Iebo 

— 

20 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 

hpE 





dC = 100 /iAdc, VcE = 10 Vdc) 


40 

200 


dC = 1.0 mAdc, VcE = 10 Vdc) 


50 

250 


dC = 10 mAdc, VcE = 10 Vdc) 


50 

250 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VcE = 10 Vdc, f = 100 Mhz) 

fT 

300 

900 

MHz 

Output Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 140 kHz) Emitter Guarded 

Ccb 

— 

5.0 

PF 

Input Impedance 

(Ibe = 0.5 Vdc, Ic = 0, f = 140 kHz) Collector Guarded 

Ceb 

— 

10 

PF 

Input Impedance 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hie 

1.0 

10 

kn 

Voltage Feedback Ratio 
dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hre 

— 

10 

X 10-4 

Small-Signal Current Gain 
dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hfe 

50 

— 

— 

Output Admittance 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

hoe 

5.0 

50 

/Ltmhos 

Noise Figure 

dC = 100 /iAdc, VcE = 10 Vdc, Rs = 3.0 kO, f = 10 Hz to 15.7 kHz) 

NF 

— 

4.0 

dB 
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2N4937 thru 2N4939 , 2N4941 


ELECTRICAL CHARACTERISTICS ITa = 2S°C unless otherwise noted.) 


1 

Characteristic 

1 Symbol 

1 Min 

1 Max 

Unit 1 

MATCHING CHARACTERISTICS 







DC Current Gain Ratio(l) 


hFEl/hFE2 





dC = 100 /LtAdc to 1.0 mAdc, Vqe = 10 Vdc) 

2N4937, 2N4941 


0.9 

1.0 



2N4938 


0.8 

1.0 


dc = 100 fiAdc to 1.0 mAdc, Vq^ = 10 Vdc, 

Ta = -55°Cto 125°C) 

2N4937, 2N4941 


0.85 

1.0 



2N4938 


0.7 

1.0 


Base-Emitter Voltage Differential 


|Vbei-Vbe2I 



mVdc 

dC = 100 /xAdc to 1.0 mAdc, Vqe = 10 Vdc) 

2N4937, 2N4941 


— 

3.0 



2N4938 


— 

5.0 


Base-Emitter Voltage Differential Gradient 


A(Vbe1-VbE2) 



mVdc 

dC = 100 ixAdc to 1.0 mAdc, Vqe = 10 Vdc, 


ATa 


1.0 


Ta = 25°Cto +125°C) 

2N4937, 2N4941 

— 

2.0 



2N4938 


— 



dC = 100 fiAdc to 1.0 mAdc, VcE = 10 Vdc, 




0.8 


Ta = -55°Cto 25°C) 

2N4937, 2N4941 


— 

1.6 



2N4938 


— 




(1) The lowest hpE reading is taken as hpEt for this ratio. 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N5022 

2N5023 

Unit 

Collector-Emitter Voltage 

VCEO 

50 

30 

V 

Collector-Emitter Voltage 

VCES 

50 

30 

V 

Collector-Base Voltage 

VCBO 

50 

30 

V 

Emitter-Base Voltage 

Vebo 

5 

V 

Collector Current — Continuous 
(Pulse Width = 300 /xs, DC = 1%) 

ic 

1.0* 

A 

Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

pd 

1.0 

5.72 

Watts 

mW/X 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

4.0 

22.8 

Watts 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj/ Tstg 

- 65 to -1- 200 

X 

Maximum Lead Temperature 
(Soldering, 60 sec max) 

Tl 

+ 300 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

43.8 

X/W 

1 

Thermal Resistance, Junction to Ambient 

R0JA 

175 

x/w 


^Indicates Data in Addition to JEDEC Requirements. 


2N5022 

2N5023 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 



GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 


Refer to 2N3467 for graphs. 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min 1 Max ”] Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 100 fiAdc) 

2N5022 

2N5023 

V(BR)CES 

50 

30 

— 

V 

Collector-Emitter Sustaining Voltage 


V(BR)CEO(sus)* 



V 

dC = 10 mAdc) 

2N5022 


50 

— 



2N5023 


30 

— 


Collector-Base Breakdown Voltage 


V(BR)CBO 



V 

dC =100 /xAdc) 

2N5022 


50 

_ 



2N5023 


30 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

V 

(Ie = 100 ^lAdc) 

All 





Collector Cutoff Current 


Ices 




(VcE = 30 Vdc) 

2N5022 


— 

100 

nA 

(VcE = 20 Vdc) 

2N5023 


— 

15 

aA 

(Ta = lOOXdc) 







ON CHARACTERISTICS 


DC Current Gain(1) 


hPE 



— 

dC = 100 mA, VcE = 10 Vdc) 

2N5022 


15 

— 



2N5023 


30 

— 


dC = 500 mA, VcE = 1-0 Vdc) 

2N5022 


25 

100 



2N5023 


40 

100 


dC = 1.0 A, VcE = 5.0 Vdc) 

2N5022 


25 

_ 



2N5023 


40 

— 


dC = 500 ma, VcE = 1.0 V, Ta = -55X) 

2N5022 


10 

— 



2 N 5023 


20 

— 


Collector-Emitter Saturation Voltage(l) 


VCE(sat) 




dC = 100 mAdc, Ib = 10 mAdc) 

2N5022 


— 

0.20 



2N5023 


— 

0.17 

V 

(Ic = 500 mAdc, Ib = 50 mAdc) 

2N5022 




0.40 


2N5023 


— 

0.35 

V 

dC = 1.0 Adc, Ib = 100 mAdc) 

2N5022 




0.80 


2N5023 


— 

0.70 

V 
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2N5022, 2N5023 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Base-Emitter Saturation Voltage 
dC = 100 mAdc, Ig = 10 mAdc) 

VBEIsat) 


1.0 

V 

dC = 500 mAdc, Ig = 50 mAdc) 


0.8 

1.4 

V 

dC = 1.0 Adc, Ig = 100 mAdc) 


— 

1.75 

V 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(Vgg = 0.5 V,f = 100 kHz) 

Ccb 

- 

25 

PF 

Emitter-Base Capacitance 
(Vgg = 0.5 V,f = 100 kHz) 

^eb 

— 

100 

PF 

Small-Signal Current Gain 

dC = 50 mA, VcE = 10 V, f = 100 MHz) 2N5022 

2N5023 

hfe 

1.7 

2.0 

- 



SWITCHING CHARACTERISTICS 


Turn-On Time 

(VcE = -30 V, Ic * 500 mA, Ig « 50 mA) 

fon 

— 

40 

ns 

Turn-Off Time 

(VcE = 30 V, Ic - 500 mA, lgi = lg 2 « 50 mA) 

toff 

— 

90 

ns 


(1) Pulse Width = 300 /as, Duty Cycle = 1,0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N5058 

2N5059 

Unit 

Collector-Emitter Voltage 

VCEO 

300 

250 

Vdc 

Collector-Base Voltage 

VCBO 

300 

250 

Vdc 

Emitter-Base Voltage 

Vebo 

7.0 

6.0 

Vdc 

Collector Current — Continuous 

'c 

150 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


6.67 

rnwrc 

Total Device Dissipation @ Tq = 25°C 

Pd 

5.0 

Watts 

Derate above 25°C 


33.3 

mW/°C 

Operating and Storage Junction 

^J' ^stg 

- 65 to -1- 200 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

30 

X/W 

Thermal Resistance, Junction to Ambient 

R0Ja(i) 

150 

x/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min ~V Max 1 Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (2) 
dC = 30 mAdc, Ib = 0) 

2N5058 

2N5059 

V(BR)CEO 

300 

250 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dc = 100 AAdc, Ie = 0) 

2N5058 


300 

— 



2N5059 


250 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 



Vdc 

dE = 100 AAdc, Ic = 0) 

2N5058 


7.0 

— 



2N5059 


6.0 

— 


Collector Cutoff Current (Vcb = 100 Vdc, Ie = 0) 


ICBO 

— 

0.05 

AAdc 

(VcB = 100 Vdc, Ie = 0, Ta = 

-H125X) 


— 

20 


Emitter Cutoff Current (Vbe = 5.0 Vdc, Ic = 0) 

>EBO 

- 1 

10 

nAdc 


ON CHARACTERISTICS (2) 


DC Current Gain 

dc = 5.0 mAdc, Vqe = 25 Vdc) 2N5058 

2N5059 

dc = 30 mAdc, VcE = 25 Vdc) 2N5058 

2N5059 

dc = 30 mAdc, VcE = 25 Vdc, Ta = -55X) 2N5058 

dc = 100 mAdc, VcE = 25 Vdc) 2N5058 

2N5059 

hpE 

10 

10 

35 

30 

10 

35 

30 

150 

150 


Collector-Emitter Saturation Voltage dc = 30 mAdc, Ib = 3.0 mAdc) 

VCE(sat) 

_ 

1.0 

Vdc 

Base-Emitter Saturation Voltage dc = 30 mAdc, Ib = 3.0 mAdc) 

VBE(sat) 

— 

0.85 

Vdc 

Base-Emitter On Voltage (Ic = 30 mAdc, VcE = 25 Vdc) 

VBE(on) 

- 

0.82 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (3) dc = 10 mAdc, Vce = 25 Vdc, f = 20 MHz) 

fT 

30 

160 

MHz 

Collector-Base Capacitance (Vcb = 10 Vdc, Ie = 0, f = 1.0 MHz) 

^cb 

_ 

10 

PF 

Emitter-Base Capacitance (Vbe = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

^eb 


75 

pF 


(1) R0JA is measured with the device soldered into a typical printed circuit board. 

(2) Pulse Test: Pulse Width ^ 300 as, Duty Cycle ^ 2.0%. 

(3) fj is defined as the frequency at which the |hfel extrapolates to unity. 
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2N5230 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Emitter-Collector Voltage 

VeCO 

20 

Vdc 

Collector-Base Voltage 

VCBO 

30 

Vdc 

Emitter-Base Voltage 

Vebo 

30 

Vdc 

Collector Current — Continuous 

ic 

50 

mAdc 

Total Device Dissipation @ = 25°C 

Pd 

0.5 

Watt 

Derate above 25°C 


2.86 

mW/X 

Total Device Dissipation @ Tq = 25°C 

Pd 

2.0 

Watts 

Derate above 25°C 


12 

mW/X 

Operating and Storage Junction 

Tj, Tstg 

-65 to -h200 

X 

Temperature Range 




CASE 26-03, STYLE 1 
TO-46 (TO-206AB) 



LOW POWER CHOPPER 
TRANSISTOR 

PNP SILICON 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max [ Unit 


OFF CHARACTERISTICS 


Emitter-Collector Breakdown Voltage 
(Ie = 10 /^Adc, Ib = 0) 

V(BR)ECO 

20 

— 

Vdc 

Col lector- Base Breakdown Voltage 
dC = 10 Ie = 0) 

V{BR)CBO 

30 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 AAdc, Ic = 0) 

V(BR)EBO 

30 

— 

Vdc 

Collector Cutoff Current 
(VcB = 25 Vdc, Ie = 0) 

'CBO 

— 

1.0 

nAdc 

Emitter Cutoff Current 
(Veb = 25 Vdc, Ic = 0) 

Iebo 

— 

1.0 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = lOO/iAdc, VcE = 1.0 Vdc) 
dC = 200 /iAdc, VcE = 0.5 Vdc) (Inverted Connection) 

hpE 

50 

15 

- 

— 

Offset Voltage 

VEC(ofs) 



mVdc 

(Ib = 100 /iAdc, Ie = 0) 


— 

0.5 


(Ib = 1.0 mAdc, Ie = 0) 


— 

1.0 



SMALL SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 140 kHz) 

^cb 

— 

5.0 

PF 

Emitter-Base Capacitance 
(Veb = 10 Vdc, Ic = 0, f = 140 kHz) 

Ceb 

— 

4.0 

PF 

Small-Signal Current Gain 
dC = 1.0 mAdc, VcE = 5.0 Vdc, f = 4.0 MHz) 

l^fe 

2.0 


— 

"ON" Series Resistance 

(Ib = 1.0 mAdc, Ie = 0, Ig = 100 fxA RMS, f = 1.0 kHz) 

'■ec(on) 

2.0 

8.0 

Ohms 
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hpE. DC CURRENT GAIN fec(ON). EMITTER COLLECTOR "ON" RESISTANCE (OHMS) VeC. EMITTER-COLLECTOR VOLTAGE (mV) 


2N5230 


TYPICAL CHARACTERISTICS 


FIGURE 1 - EMITTER-COLLECTOR VOLTAGE 
versus BASE CURRENT 


FIGURE 2 - EMITTER-COLLECTOR VOLTAGE 
versus JUNCTION TEMPERATURE 



- 0.1 - 0.2 - 0.5 - 1.0 - 2.0 - 5.0 -10 

IB, BASE CURRENT (mA) 



-75 -50 -25 0 25 50 75 100 125 150 175 

Tj, JUNCTION TEMPERATURE (OC) 


FIGURE 3 - EMITTER-COLLECTOR “ON" RESISTANCE 
versus BASE CURRENT 



FIGURE 4 - EMITTER-COLLECTOR "ON" RESISTANCE 



iB, BASE CURRENT (mA) 


FIGURE 5 - CURRENT GAIN versus 
COLLECTOR CURRENT 


FIGURE 6 - CURRENT GAIN (Inverted Connection) 
versus EMITTER CURRENT 




lE, EMITTER CURRENT (mA) 
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VCE(sat), COLLECTOR-EMITTER 

SATURATION VOLTAGE (VOLTS) ICBO. COLLECTOR CUTOFF CURRENT (nA) 


2N5230 


FIGURE 7 - COLLECTOR CUTOFF CURRENT versus 
JUNCTION TEMPERATURE 


FIGURE 8 - EMITTER CUTOFF CURRENT versus 
JUNCTION TEMPERATURE 
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FIGURE 9 - COLLECTOR-EMITTER SATURATION 
VOLTAGE versus COLLECTOR CURRENT 
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FIGURE 10 - JUNCTION CAPACITANCE versus 
REVERSE BIAS VOLTAGE 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N5320 

2N5321 

Unit 

Collector-Emitter Voltage 

VCEO 

75 

50 

Vdc 

Collector-Base Voltage 

VCBO 

100 

75 

Vdc 

Emitter-Base Voltage 

Vebo 

7.0 

5.0 

Vdc 

Base Current 

*B 

1.0 

Adc 

Collector Current — Continuous 

ic 

2.0 

Adc 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

pd 

10 

0.057 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj/ Tgtg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

17.5 

°C/W 


2N5320 

2N5321 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 



SWITCHING TRANSISTORS 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 100 mAdc, Ib = 0) 

2N5320 

2N5321 

V(BR)CEO 

75 

50 

- 

Vdc 

Collector Cutoff Current 


ICEX 



mAdc 

(VcE = 100 Vdc, Vbe = 1-5 Vdc) 

2N5320 


— 

0.1 


(VcE = 70 Vdc. Vbe = 1-5 Vdc, Tq = 150°C) 



— 

5.0 


(VcE = 75 Vdc, Vbe = 1-5 Vdc) 

2N5321 


— 

0.1 


(VcE = 45 Vdc, Vbe = 1-5 Vdc, Tq = 150°C) 



— 

5.0 


Emitter Cutoff Current 


Iebo 



mAdc 

(Vbe = 7.0 Vdc, Ic = 0) 

2N5320 


— 

0.1 


(Vbe = 5.0 Vdc, Ic = 0) 

2N5321 



0.1 


ON CHARACTERISTICSd) 

DC Current Gain 


hpE 



— 

dC = 500 mAdc, VcE = 4.0 Vdc) 

2N5320 


30 

130 



2N5321 


40 

250 


dC = 1.0 Adc, VcE = 2.0 Vdc) 

2N5320 


10 

— 


Collector-Emitter Saturation Voltage 


VcE(sat) 



Vdc 

(Ic = 500 mAdc, Ib = 50 mAdc) 

2 N 5320 


— 

0.5 



2N5321 


— 

0.8 


Base-Emitter On Voltage 


VBE(on) 



Vdc 

dc = 500 mAdc, VcE = 4.0 Vdc) 

2 N 5320 


— 

1.1 



2N5321 



1.4 


SMALL-SIGNAL CHARACTERISTICS 

Small-Signal Current Gain 


hfe 

5 

— 

— 

dc = 50 mAdc, VcE = 4.0 Vdc, f = 10 MHz) 






SWITCHING CHARACTERISTICS 

Turn-On Time 


Ion 

_ 

80 

ns 

(Vcc = 30 Vdc, Ic = 500 mAdc, Ibi = 50 mAdc) 






Turn-Off Time 


toff 

— 

800 

ns 

(Vcc = 30 Vdc, Ic = 500 mAdc, Ibi = Ib 2 == 50 mAdc) 







(1) Pulse Test: Pulse Width ^ 300 ijls, Duty Cycle ^ 2.0%. 
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hpE, NORMALIZED DC CURRENT GAIN 


2N5320, 2N5321 



FIGURE 1 — TYPICAL INPUT CHARACTERISTICS 
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FIGURE 2 — TYPICAL TRANSFER CHARACTERISTICS 




COLLECTOR-TO Em'iHER VOLTAGE (VCE) = 4.0 v| 














































/ 










Zamd 

ICWT TC 

MPERA 

TURE — 







(Ta) = 25°C 







y 


















0.5 0.6 0.7 0.8 0.9 

Vbe, base-to-emiher voltage (V) 


FIGURE 3 — CURRENT GAIN CHARACTERISTICS versus 
COLLECTOR-EMITTER VOLTAGE 
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FIGURE 4 — MAXIMUM SAFE OPERATING AREAS (SOA) 



IC, COLLECTOR CURRENT (mA) 


VCE, COLLECTOR-TO-EMIHER VOLTAGE (V) 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N5322 

2N5323 

Unit 

Collector-Emitter Voltage 

VCEO 

75 

50 

Vdc 

Collector-Base Voltage 

VCBO 

100 

75 

Vdc 

Emitter-Base Voltage 

vebo 

7.0 

5.0 

Vdc 

Base Current 

Ib 

1.0 

Adc 

Collector Current — Continuous 

ic 

2.0 

Adc 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 


10 

0.057 

Watts 

W/X 

Operating and Storage Junction 
Temperature Range 

Tj/ Tstg 

-65 to 4-200 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

17.5 

X/W 



ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic | Symb^ 1 Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

(\q = 100 mAdc, Ib = 0) 

2N5322 

2N5323 

V(BR)CEO 

75 

50 

- 

Vdc 

Collector Cutoff Current 


'CEX 



mAdc 

(VcE = lOOVdc, Vbe = 1.5 Vdc) 

2N5322 


— 

0.1 


(VcE = 70 Vdc, Vbe = l-B Vdc, Tc = 150X) 



— 

5.0 


(VcE = 75 Vdc, Vbe = l -S Vdc) 

2N5323 


. — 

0.1 


(VcE = 45 Vdc, Vbe = l-S Vdc, Tq = 150X) 



— 

5.0 


Emitter Cutoff Current 


•ebo 



mAdc 

(Vbe = 7.0 Vdc, Ic = 0) 

2N5322 


— 

0.1 


(Vbe = 5.0 Vdc, Ic = 0) 

2N5323 


— 

0.1 



ON CHARACTERISTICS! 1) 


DC Current Gain 

dC = 500 mAdc, VcE = 4.0 Vdc) 

2N5322 

2N5323 

hpE 

30 

40 

130 

250 


dC = 1.0 Adc, VcE = 2.0 Vdc) 

2N5322 


10 

— 


Collector-Emitter Saturation Voltage 
dC = 500 mAdc, Ib = 50 mAdc) 

2N5322 

2N5323 

VCE(sat) 


0.7 

1.2 

Vdc 

Base-Emitter On Voltage 
dC = 500 mAdc, VcE = 4.0 Vdc) 

2N5322 

2N5323 

VBE(on) 

~ 

1.1 

1.4 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Small-Signal Current Gain ! 

hfe 

5 

_ 

_ 

dc = 50 mAdc, Vce = 4.0 Vdc, f = 10 MHz) 






SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vce = 30 Vdc, Ic = 500 mAdc, Ibi = 50 mAdc) 

^on 

— 

100 

ns 

Turn-Off Time 

(Vec = 30 Vdc, Ic = 500 mAdc, Ibi = Ib 2 mAdc) ' 

foff 

— 

1000 

ns 


(1) Pulse Test: Pulse Width ^ 300 /jls. Duty Cycle 2.0%. 
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2N5415, 2N5416 For Specifications, See 2N3439 Data. 


2N5581/82 


For Specifications, See 2N2218,A Data. 


MAXIMUM RATINGS 


Rating 

— 

Symbol 

2N5679 

2N5681 

2N5680 

2N5682 

Unit 

Collector-Emitter Voltage 

VCEO 

100 

120 

Vdc 

Collector-Base Voltage 

VCBO 

100 

120 

Vdc 

Emitter-Base Voltage 

Vebo 

4.0 

Vdc 

Base Current 

Ib 

0.5 

Adc 

Collector Current — Continuous 

ic 

1.0 

Adc 

Total Device Dissipation @ Ta = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


5.7 

mW/X 

Total Device Dissipation @ Tq = 25°C 

Pd 

10 

Watts 

Derate above 25°C 


57 

mW/X 

Operating and Storage Junction 

Tj/ Tgtg 

- 65 to + 200 

X 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

17.5 

X/W 

Thermal Resistance, Junction to Ambient 

R0JA 

175 

x/w 


2N5679 

2N5680 

PNP SILICON 

3 Collector 


2N5681 

2N5682 

NPN SILICON 

3 Collector 



2"1 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 

GENERAL PURPOSE 
TRANSISTORS 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 


VCEO(sus) 



Vdc 

dC = 10 mAdc, Ib = 0) 

2N5679, 2N5681 


100 

— 


2N5680, 2N5682 


120 

— 


Collector Cutoff Current 


>CEO 



/LtAdc 

(VcE = 70 Vdc, Ib = 0) 



— 

10 


(VcE = 80 Vdc, Ib = 0) 



— 

10 


Collector Cutoff Current 


'CEX 




(VcE = lOOVdc, Veb = 1.5 Vdc) 

2N5679, 2N5681 


— 

1.0 

A Adc 

(VcE = 120 Vdc, Veb = 1.5 Vdc) 

2N5680, 2N5682 


— 

1.0 

mAdc 

(VcE = 100 Vdc, Veb = 1-5 Vdc, Tc = 150X) 

2N5679, 2N5681 


— 

1.0 


(VcE = 120 Vdc, Veb 1-5 Vdc, Tc = 150X) 

2N5680, 2N5682 


— 

1.0 


Collector Cutoff Current 


'CBO 



/lAdc 

(VcB = 100 Vdc, Ie = 0) 

2N5679, 2N5681 


— 

1.0 


(VcB = 120 Vdc, Ie = 0) 

2N5680, 2N5682 


— 

1.0 


Emitter Cutoff Current 


'ebo 

— 

1.0 

A Adc 

(Veb = 4.0 Vdc, Ic = 0) 







ON CHARACTERISTICS 


DC Current Gain 

dC = 250 mAdc, VcE = 2.0 Vdc) 
dC = I.OAdc, VcE = 2.0 Vdc) 

hPE 

40 

5.0 

150 


Collector-Emitter Saturation Voltage 

VCE(sat) 



Vdc 

dC = 250 mAdc, Ib = 25 mAdc) 


_ 

0.6 


dc = 500 mAdc, Ib = 50 mAdc) 


— 

1.0 


dC = I.OAdc, Ib = 200 mAdc) 


— 

2.0 


Base-Emitter Saturation Voltage 

VBE(sat) 

— 

1.0 

Vdc 

dc = 250 mAdc, VcE = 2.0 Vdc) 






SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 100 mAdc, VcE = 10 Vdc, f = 10 MHz) 

fT 

30 

— 

MHz 

Output Capacitance 
(VcB = 20 Vdc, Ie = 0, f = 1.0 MHz) 

Cobo 

— 

50 

PF 

Small-Signal Current Gain 
dc = 0.2 Adc, VcE = 1.5 Vdc, f = 1.0 kHz) 

hfe 

40 

— 

— 
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2N5679 thru 2N5682 


FIGURE 1 — SWITCHING TIMES TEST CIRCUIT 

D1 Must Be Fast Recovery Type, e.g. CC 

M8D5300 Used Above \q = 100 mA 9 
MSD61 00 Used Below Iq = 100 mA 


tr. tf ^10 ns 1 ^ 

Duty Cycle = 1 .0% “ -4 0 V ” 

R 0 and Rq Varied to Obtain Desired Current Levels 

For tfj and v, D1 is disconnected and V2 = 0 

For PNP test circuit, reverse diode and voltage polarities. 


PNP 

2N5679, 2N5680 


NPN 

2N5681,2N5682 


FIGURE 2 — TURN-ON TIME 



50 70 100 200 300 500 700 1.0 k 

IC, COLLECTOR CURRENT (mA) 



iNsssailpi 


ii& 
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10 20 30 50 70 100 200 300 500 700 1.0 k 

IC, COLLECTOR CURRENT (mA) 


FIGURE 3 — TURN-OFF TIME 










50 70 100 200 300 500 700 1.0 k 

IC, COLLECTOR CURRENT (mA) 
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2N5679 thru 2N5682 


- CURRENT-GAIN — BANDWIDTH PRODUCT 


FIGURE 5 — CAPACITANCE 
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V, VOLTAGE (VOLTS) VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) hpE. DC CURRENT GAIN 
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Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

75 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

Vdc 

Collector Current — Continuous 

•c 

600 

mAdc 




Both Die 




One 

Equal 




Die 

Power 


Total Device Dissipation @ Ta = 25°C 

Pd 

500 

600 

mW 

Derate above 25°C 


2.9 

3.4 

mW/X 

Total Device Dissipation @ Tc = 25°C 

Pd I 

1.2 

2.0 

Watts 

Derate above 25°C 


6.9 

11.43 

mW/°C 

Operating and Storage Junction 

Tj, Tgtg 

-65 to +200 

X 

Temperature Range 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) dc = 10 mAdc, Ig = 0) 

V(BR)CEO 

40 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 10 /xAdc, Ig = 0) 

V(BR)CBO 

75 


Vdc 

Emitter-Base Breakdown Voltage (Ie = 10 ^Adc, Ic = 0) 

V(BR)EBO 

6.0 


Vdc 

Collector Cutoff Current (Vqb = 50 Vdc, Ie = 0) 

'CBO 

— 

10 

nAdc 

Emitter Cutoff Current (Veb = 4.0 Vdc, Ic = 0) 

•ebo 

— 

10 

nAdc 

Collector 1 to Collector 2 Leakage Current (Vic-2C = ± 50 Vdc) 

IC1-C2 

— 

±1.0 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 

hpE 



— 

dc = 100 AtAdc, VcE = 10 Vdc) 2N5793 


20 

— 


2N5794 


35 

— 


dc = 1.0 mAdc, VcE = 10 Vdc) 2N5793 


25 

— 


2N5794 


50 

— 


dc = 10 mAdc, VcE = 10 Vdc)(1) 2N5793 


35 

— 


2N5794 


75 

— 


dc = 150 mAdc, VcE = 1-0 Vdc)(1) 2N5793 


20 

— 


2N5794 


50 

— 


dc = 150 mAdc, VcE = 10 Vdc)(1) 2N5793 


40 

120 


2N5794 


100 

300 


dc = 300 mAdc, VcE = 10 Vdc)(1) 2N5793 


25 

— 


2N5794 


40 

— 


Collector-Emitter Saturation Voltage(l) (Ic = 150 mAdc, Ib = 15 mAdc) 

VCE(sat) 

— 

0.3 

Vdc 

dc = 300 mAdc, Ib = 30 mAdc) 


— 

0.9 


Base-Emitter Saturation Voltage(l) (Ic = 150 mAdc, Ib = 15 mAdc) 

VBE(sat) 

0.6 

1.2 

Vdc 

(Ic = 300 mAdc, Ib = 30 mAdc) 


— 

1.8 



SMALL’SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) (Ic = 20 mAdc, VcE = 20 Vdc, f = 100 MHz) 

fr 

250 

— 

MHz 

Collector-Base Capacitance (VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

^cb 

— 

8.0 

pF 

Emitter-Base Capacitance (Veb = 0.5 Vdc, Ic = 0, f = 100 kHz) i 

Ceb 

— 

25 

PF 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 30 Vdc, VBE(off) = 0.5 Vdc, 

td 

— 

15 

ns 

Rise Time 

Ic = 150 mAdc, Ibi = 15 mAdc) 

tr 

— 

30 

ns 

Storage Time 

(Vcc = 30 Vdc, Ic = 150 mAdc, 

Is 

— 

250 

ns 

Fall Time 

Ibi = Ib 2 15 mAdc) 

tf 


60 

ns 


(1) Pulse Test; Pulse Width < 300 /xs, Duty Cycle ^ 2.0%. 

(2) fj Is defined as the frequency at which |hfe| extrapolates to unity. 
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Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

•c 

600 

mAdc 



One 

Die 

Both Die 
Equal 
Power 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

pd 

500 

2.9 

600 

3.4 

mW 

mW/°C 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

1.2 

6.9 

2.0 

11.43 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj. Tgtg 

— 65 to -1- 200 

X 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) (Ic = 10 mAdc, Ib = 0) 

V(BR)CEO 

60 

Z 

Vdc 

Collector-Base Breakdown Voltage (Ic = 10 /^Adc, Ig = 0) 

V{BR)CBO 

60 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 10 /lAdc, Iq = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current (Vqb = 50 Vdc, Ie = 0) 

•CBO 

— 

20 

nAdc 

Emitter Cutoff Current (Vbe = 3.0 Vdc, Ic = 0) 

Iebo 

— 

100 

nAdc 

Collector 1 to Collector 2 Leakage Current (Vic-2C - ±50 Vdc 

IC1-C2 

— 

±1.0 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 

hPE 



_ 

dC = 100 fxAdc, VcE = 10 Vdc) 2N5795 


40 

— 


2N5796 


75 



dC = 1.0 mAdc, VcE = 10 Vdc) 2N5795 


40 



2N5796 


100 

— 


dC = 10 mAdc, VcE = 10 Vdc)(1) 2N5795 


40 

— 


2N5796 


100 

— 


dc = 150 mAdc, VcE = 10 Vdc)(1) 2N5795 


20 

— 


2N5796 


50 

— 


dc = 150 mAdc, VcE = 10 Vdc){1) 2N5795 


40 

120 


2N5796 


100 

300 


dc = 500 mAdc, VcE = 10 Vdc){1) 2N5795 


40 



2N5796 


50 

— 


Collector-Emitter Saturation Voltage(l) dc = 150 mAdc, Ib = 15 mAdc) 

VcE(sat) 

— 

0.4 

Vdc 

dc = 500 mAdc, Ib = 50 mAdc) 


— 

1.6 


Base-Emitter Saturation Voltage(l) (Ic = 150 mAdc, Ib = 15 mAdc) 

VBE(sat) 

— 

1.3 

Vdc 

dc = 500 mAdc, Ib = 50 mAdc) 


— 

2.6 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) (Ic = 50 mAdc, VcE = 20 Vdc, f = 100 MHz) 

fr 

200 

— 

MHz 

Collector-Base Capacitance (VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Ccb 

— 

8.0 

PF 

Emitter-Base Capacitance (Veb = 2.0 Vdc, Ic = 0, f = 100 kHz) 

Ceb 

— 

30 

pF 


SWITCHING CHARACTERISTICS (See Figure 1) 


Delay Time 

(Vcc = 30 Vdc, VBE(off) = 0.5 Vdc, 

td 

— 

12 

ns 

Rise Time 

Ic = 150 mAdc, Ibi = 15 mAdc) ! 

tr 

— 

35 

ns 

Storage Time 

(Vcc = 30 Vdc, Ic = 150 mAdc, 

Is 

— 

100 

ns 

Fall Time 

Ibi = IB2 = 15 mAdc) 

tf 

— 

40 

ns 


(1) Pulse Test: Pulse Width 300 ixs, Duty Cycle ^ 2.0%. 

(2) fj is defined as the frequency at which jhfel extrapolates to unity. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

80 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

Vdc 

Collector Current — Continuous 

>C 

2.0 

Adc 

Total Device Dissipation @ Ta = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


6.0 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/°C 

Operating and Storage Junction 

Tj, Tstg 

-65 to +200 

°c 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

35 

X/W 

Thermal Resistance, Junction to Ambient 

R0JA 

175 

x/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max \ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) dc = 10 mAdc, Ib = 0) 

V(BR)CEO 

40 

— 

Vdc 

Collector-Base Breakdown Voltage (Ic = 100 ixAdc, 1^ = 0) 

V(BR)CBO 

80 

— 

Vdc 

Emitter-Base Breakdown Voltage (1^ = 10 jxAdc, Iq = 0) 

V(BR)EBO 

6.0 

— 

Vdc 

Collector Cutoff Current (Vqe = 50 Vdc, VBE(off) = 2.0 Vdc) 

ICEX 

— 

0.2 

A Adc 

(VcE = 50 Vdc, VBE(off) = 2.0 Vdc, Ta = 75X) 


— 

5.0 


Collector Cutoff Current (Vqb = 50 Vdc, Ie - 0) 

>CBO 

— 

0.25 

}xAdc 

(VcB = 50 Vdc, Ie = 0, Ta = 75X) 


— 

5.0 


Emitter Cutoff Current (Vbe = 5.0 Vdc, Ic = 0) 

'ebo 

- 

0.1 

|iAdc 


ON CHARACTERISTICS 


DC Current Gain (Iq = 500 mAdc, Vqe = 10 Vdc) 
dc = 1.0 Adc, VcE = 1.0 Vdc) 
dc = 1.0 Adc, VcE = 1.0 Vdc, Ta = -55X) 

hpE 

30 

15 

10 

120 

100 

— 

Collector-Emitter Saturation Voltage dc = 500 mAdc, Ib = 50 mAdc) 

VcE(sat) 

— 

0.4 

Vdc 

dc = 1.0 Adc, Ib = 100 mAdc) 


— 

0.7 


Base-Emitter Saturation Voltage dc = 500 mAdc, Ib = 50 mAdc) 

VBE(sat) 

0.8 

1.0 

Vdc 

dc = 1.0 Adc, Ib = 100 mAdc) 


0.9 

1.25 



SMALL’SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (Ic = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) 

fT 

250 

— 

MHz 

Collector-Base Capacitance (Vcb = 10 Vdc, Ie = 0, f = 100 kHz) 

Ccb 

— 

7.0 

PF 

Emitter-Base Capacitance (VpB = 0.5 Vdc, Ic = 0, f = 100 kHz) 

^eb 

— 

60 

PF 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 30 Vdc, VBE(off) = 2.0 Vdc, Ic = 1.0 Adc, 

Ibi = 100 mAdc) (Figures 8 and 10) 

td 

— 

6.0 

ns 

Rise Time 

(Vcc = 30 Vdc, VBE(off) = 2.0 Vdc, Ic = 1.0 Adc, 

Ibi = 100 mAdc) (Figures 8 and 10) 

tr 


30 

ns 

Storage Time 

(Vcc = 30 Vdc, Ic = 1.0 Adc, 

Ibi = '62 = 100 mAdc) (Figures 9 and 11) 

fs 


35 

ns 

Fall Time 

(Vcc = 30 Vdc, Ic = 1.0 Adc, 

Ibi = IB2 = 100 mAdc) (Figures 9 and 11) 

tf 


35 

ns 
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2N5859 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

50 

Vdc 

Collector-Base Voltage 

VCBO 

100 

Vdc 

Emitter-Base Voltage 

vebo 

6.0 

Vdc 

Collector Current — Continuous 

ic 

2.0 

Adc 

Total Device Dissipation @ Ta = 25°C 

pd 

1.0 

Watt 

Derate above 25°C 


6.0 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tjr Tstg 

-65 to + 200 

°C 


2N5861 


CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 



2‘'1 


1 Emitter 


SWITCHING TRANSISTOR 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dc = 10 mAdc, Ib = 0) 

V(BR)CE0 

50 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

100 

— 

Vdc 

dc = 100 AiAdc, Ie = 0) 





Emitter-Base Breakdown Voltage 

V(BR)EBO 

6.0 

— 

Vdc 

(Ie = 10 fiAdc, Ic - 0) 





Collector Cutoff Current 

>CEX 



)u,Adc 

(VcE = 50 Vdc, VBE(off) = 2.0 Vdc) 


— 

0.3 


(VcE = 50 Vdc, VBE(off) = 2.0 Vdc, Ta = 75X) 


— 

10 


Collector Cutoff Current 

>CBO 



/u-Adc 

(VcB = 50 Vdc, Ie = 0) 


— 

0.3 


(VcB = 50 Vdc, Ie = 0, Ta = +75°C) 


— 

10 


Emitter Cutoff Current 

'EBO 

— 

0.1 

IxAdc 

(Vbe = 5.0 Vdc, Ic = 0) 






ON CHARACTERISTICS(I) 


DC Current Gain 

dc = 500 mAdc, VcE = 1.0 Vdc) 

dc = 500 mAdc, VcE = 1-0 Vdc, Ta = -55°C) 

hpE 

25 

10 

100 

— 

Collector-Emitter Saturation Voltage 
dc = 500 mAdc, 1 b = 50 mAdc) 

VcE(sat) 

— 

0.5 

Vdc 

Base-Emitter Saturation Voltage i 

dc = 500 mAdc, Ib = 50 mAdc) 

VBE(sat) 

0.8 

1.1 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 50 mAdc, Vce = 10 Vdc, f = 100 MHz) 

h 

200 

— 

MHz 

Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Ccb 

— 

7.0 

PF 

Emitter-Base Capacitance 
(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 

Ceb 

— 

60 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vce = 30 Vdc, VBE(off) = 2.0 Vdc, 

Ic = 500 mAdc, Ibi = 50 mAdc) 

Ion 

_ 

25 

ns 

Delay Time 

td 

— 

8.0 

ns 

Rise Time 

tr 

— 

18 

ns 
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fT,CURRENT-GAI 


FIGURE 1 — CURRENT-GAIN ~ BANDWIDTH PRODUCT 



50 L-l -1 
4.0 6.0 


20 40 60 100 

IC, COLLECTOR CURRENT (mA) 



0.1 0.2 0.5 1.0 2.0 5.0 10 

Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 3 — TURN-ON TIME 


IC/lB = 10 
Tj = 250 c 


FIGURE 4 — TURN-OFF TIME 


.tr@ Vcc= 10 Vdc^ 
Vcc = 30 Vdc 


~“tci@VoB = 0V 

VoB = 2.0Vdc ^ 

Vcc = 30 Vdc 

I I 1 L 

50 100 200 

IC, COLLECTOR CURRENT (mA) 







20 30 50 100 200 300 

IC, COLLECTOR CURRENT (mA) 


FIGURE 5 — TURN-ON TIME TEST CIRCUIT 


> Vjn to 50 Ohm 
' OSCILLOSCOPE 


tr < 1 .0 ns A 

P.W. > 200 ns 
Duty Cycle < 2.0% 

Generator Source Impedance = 50 12 

Pulse Generator: EH1421 Timing Unit and 1121 Pulse Driver 

Oscilloscope; Tektronix 661 Sampling Scope 


Vout to 50 Ohm 
OSCILLOSCOPE 



1 

10% 




td -»-tr— ► 


— ton 


Vjn during ton interval must be +5.8 V. 

All waveforms and bias levels must be set with unit 
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Ic, COLLECTOR CURRENT (AMP) 


2N5861 


FIGURE 6 — TURN-OFF TIME TEST CIRCUIT 



Generator Source Impedance = 50 il 

Pulse Generator; EH1421 Timing Unit and 1121 Pulse Driver 

Oscilloscope: Tektronix 661 Sampling Scope 



Vjn during toff interval must be -4.0 V. 

All waveforms and bias levels must be set with unit in circuit. 



10 20 30 50 100 200 300 500 1000 


Ic, COLLECTOR CURRENT (mA) 


FIGURE 9 — ACTIVE-REGION SAFE OPERATING AREA 



VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate Ic-VcE limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than the curves indicate. 



10 20 50 100 200 500 1000 

Ic, COLLECTOR CURRENT (mA)' 



10 20 30 50 100 200 300 500 1000 


Ic, COLLECTOR CURRENT (mA) 


The data of Figure 9 is based on Tjfpi^) = 200°C; Tq is variable 
depending on conditions. Pulse curves are valid for duty cycles of 
10% provided Tj(p)^)< 200°C. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown. 
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2N6430 

2N6431 


MAXIMUM RATINGS 


Rating 

Symbol 

2N6430 

2N6431 

Unit 

Collector-Emitter Voltage 

VCEO 

200 

300 

Vdc 

Col lector- Base Voltage 

VCBO 

200 

300 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

Vdc 

Collector Current — Continuous 

Ic 

50 

mA 

Total Device Dissipation @ Ta = 25°C 

Pd 

500 

mW 

Derate above 25°C 


2.86 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.8 

Watts 

Derate above 25°C 


10.3 

mW/X 

Operating and Storage Junction 

Tj' ^stg 

- 65 to + 200 

°C 

Temperature Range 





CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 



GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min T Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dc = 1.0 mAdc, Ib = 0) 

2N6430 

2N6431 

V(BR)CEO 

200 

300 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dc = 0.1 mAdc, Ie = 0) 

2N6430 


200 

— 



2N6431 


300 

— 


Emitter-Base Breakdown Voltage 


V{BR)EBO 

6.0 

— 

Vdc 

(Ie = 0.1 mAdc, Ic = 0) 






Collector Cutoff Current 


'CBO 



IxAdc 

(VcB = 160 Vdc) 

2N6430 


— 

0.1 


(VcB = 200 Vdc) 

2N6431 


— 

0.1 


Emitter Cutoff Current 


Iebo 

— 

0.1 

fiAdc 

(Veb = 4.0 Vdc, Ic = 0) 







ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 mAdc, VcE = 10 Vdc) 
dc = 10 mAdc, VcE = 10 Vdc) 
dc = 30 mAdc, VcE = 10 Vdc) 

hpE 

25 

40 

50 

200 


Collector-Emitter Saturation Voltage 
dc = 20 mAdc, Ib = 2.0 mAdc) 

VcE(sat) 


0.5 

Vdc 

Base-Emitter Saturation Voltage 
dc = 20 mAdc, Ib = 2.0 mAdc) 

VBE(sat) 

1 

0.9 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

fT 

50 

500 

MHz 

Collector-Base Capacitance 
(VcB = 20 Vdc, Ie = 0, f = 1.0 MHz) 

^cb 

— 

4.0 

PF 


(1) Pulse Test: Pulse Width ^ 300 fis, Duty Cycle 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

2N6432 

2N6433 

Unit 

Collector-Emitter Voltage 

VCEO 

200 

300 

Vdc 

Collector-Base Voltage 

VCBO 

200 

300 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

500 

mA 

Total Device Dissipation @ Ta = 25°C 

pd 

500 

mW 

Derate above 25°C 


2.86 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

1.8 

Watts 

Derate above 25°C 


10.3 

mW/X 

Operating and Storage Junction 

Tjf Tgtg 

-65 to +200 

X 

Temperature Range 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min T Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 1.0 mAdc, Ib = 0) 

2N6432 

2N6433 

V(BR)CE0 

— 

200 

300 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CB0 



Vdc 

dC = 0.1 mAdc, Ie = 0) 

2N6432 


200 

— 



2N6433 


300 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 0.1 mAdc, Ic = 0) 






Collector Cutoff Current 


'CBO 



/xAdc 

(VcB = 160 Vdc) 

2N6432 


— 

0.25 


(VcB = 200 Vdc) 

2N6433 


— 

0.25 


Emitter Cutoff Current 


'EBO 

— 

0.1 

/nAdc 

(Veb = 3.0 Vdc, Ic = 0) 







ON CHARACTERISTICS 


DC Current Gain 
dC = 1.0 mAdc, VcE = 10 Vdc) 
dC = 10 mAdc, VcE = 10 Vdc) 
dC = 30 mAdc, VcE = 10 Vdc) 

hpE 

25 

40 

30 

150 


Collector-Emitter Saturation Voltage 
dC = 20 mAdc, Ib = 2.0 mAdc) 

VcE(sat) 

— 

0.5 

Vdc 

Base-Emitter Saturation Voltage 
(Ic = 20 mAdc, Ib = 2.0 mAdc) 

VBE(sat) 

— 

0.9 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VcE = 20 Vdc, f = 20 MHz) 


50 

500 

MHz 

Collector-Base Capacitance 
(VcB = 20 Vdc, Ie = 0, f = 1.0 MHz) 

Ccb 


6.0 

PF 


(1) Pulse Test: Pulse Width ^ 300 fxs, Duty Cycle ^ 2.0%. 
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PNP Hermetic Silicon 
Quad General-Purpose 
Transistors 

Dual-In-Line and Flatpack 
Full Mil-S-19500 Qualified to 
JAIM, JTX and JTXV Levels 

. . . designed for general-purpose switching circuits and DC to VHF 
amplifier applications. 

• Four Isolated Transistors 

• DC Current Gain Specified — 0.1 to 500 mAdc 

• Low Collector-Cutoff Current — ICBO = nAdc (Max) @ V^B = 50 Vdc 

• High Collector Breakdown Voltages — V(br)CE 0 50 Vdc (Min) 

— V(BR)CB0 = 55 Vdc (Min) 

• Transistors Similar to 2N2907A 

• M19500/2N6987, 2N6988 

MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

Vdc 

Collector-Base Voltage 

VCB 

60 

Vdc 

Emitter-Base Voltage 

veb 

5.0 

Vdc 

Collector Current — Continuous 

•c 

600 

mAdc 


Each 

Transistor 

Total 

Device 


2N6987 

Total Power Dissipation @ T/^ = 25°C 
Derate above 25°C 

Pd 

0.525 

3.0 

1.5 

8.57 

Watts 

mW/X 

2N6988 

Total Power Dissipation @ T/^ = 25°C 1 

Derate above 25°C 

Pd 

0.14 

0.8 

0.4 

2.29 

Watts 

mW/X 

Operating and Storage Junction 

Temperature Range 

Tj/ Tstg 

-65 to -H200 

X 


2N6987 

2N6988 

2N6987 

CERAMIC 

CASE 632-08, STYLE 1 
TO-116 


14 13 12 11 10 9 8 1 



1 2 3 4 5 6 7 


2N6988 
CERAMIC 
CASE 607-04 
STYLE 1 

QUAD TRANSISTORS 

PNP SILICON 





Figure 1. Power Temperature Derating Curve 


Table 1. Product Classifications 


JAN — Controlled Lot with Sample Environmental and Life Testing 
JTX — 100% Processing Plus Sample Environmental and Life Testing 
JTXV — Same as JTX Plus 100% Internal Visual Inspection 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage^*) 

(Ic = 10 mAdc, Ig = 0) 

V(BR)CEO 

60 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 10 fxAdc, Ig = 0) 

V(BR)CBO 

60 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ig = 10 /xAdc, Iq = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current (Ig = 0, Vqb = 50 Vdc) 

ICBO 

— 

10 

nAdc 

(Ie = 0, VcB = 50 V, Ta = 150X) 


— 

10 

^lA 

Emitter Cutoff Current (\q = 0, VcB 3.5 Vdc) 

Iebo 

— 

50 

nAdc 
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2N6987, 2N6988 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted) 

Characteristic Symbol [ Min T Max 1 Unit 


ON CHARACTERISTICS 


DC Current Gain^^) 

hpE 




dC = 0.1 mA, VcE = 10 Vdc) ! 


75 

— 


dC = 1.0 mA, VcE = 10 Vdc) 


100 

450 


dC = 10 mAdc, VcE = 10 Vdc) 


100 

— 


dC = 150 mAdc, Vqe = 10 Vdc) ' 


100 

300 


(IC = 500 mAdc, VcE = 10 Vdc) 


50 

— 


dC = 10 mA, VcE = 10 V, Ta = -55°C) 


50 

— 


Collector-Emitter Saturation Voltage dc = 150 mAdc, Ib = 15 mAdc) 

VCE(sat) 

— 

0.4 

Vdc 

dC = 500 mAdc, Ib = 50 mAdc) 

— 

1.6 


Base-Emitter Saturation Voltage dc = 150 mAdc, Ib = 15 mAdc) 

VBE(sat) 

— 

1.3 

Vdc 

(Ic = 500 mAdc, Ib = 50 mAdc) 

— 

2.6 



DYNAMIC CHARACTERISTICS 


Small Signal Current Gain 
(VcE = 10 V, Ic = 1.0 mA, f = 1.0 kHz) 

hfe 

100 

— 

— 

Magnitude of Small Signal Current-Gain 
dc = 50 mAdc, VcE = 20 Vdc, f = 100 MHz) 

ll^fel 

2.0 

8.0 

— 

Output Capacitance (VcB = 10 Vdc, Ig = 0, f = 100 kHz to 1.0 MHz) 

^obo 

— 

8.0 

pF 

Input Capacitance (Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz to 1.0 MHz) 

Cibo 

H 1 

2? 1 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time (Vcc = 30 Vdc, VBE(off) = 0-^ Vdc, 

Ic = 150 mAdc, Ibi = 15 mAdc) (Figure 2) 

Ion 

— 

45 

ns 

Turn-Off Time (Vcc = 30 Vdc, Ic = 150 mAdc, 

•b 1 = 162 = 15 mAdc) (Figure 3) 

toff 

— 

300 

ns 


(DPulse Test: Pulse Width ^ 300 /xs, Duty Cycle = 2%. 



Figure 2. ton Test Circuit Figure 3. toff Test Circuit 


Table 2. JTX, JTXV 100% Processing Steps 



JTX 

JTXV 

Internal Visual (Mil-Std-750, Method 2072) 

— 

100% 

High Temperature Storage (Mil-Std-750, Method 1032) 

100% 

100% 

Thermal Shock (Mil-Std-750, Method 1051 Cond. F*) 

100% 

100% 

Constant Acceleration (Mil-Std-750, Method 2006, 20 KG^, Yi) * 

100% 

100% 

Hermetic Seal (Fine + Gross Leak) (Mil-Std-750, Method 1071, Cond. G or H)** 

100% 

100% 

READ Electrical Parameters (Group A) 

100% 

100% 

j 

High Temperature Reverse Bias (Mil-Std-750, Method 1039, Cond. A) 

100% 

100% 

READ Electrical Parameters (Group A) 

100% 

100% 

Power Burn-In (Mil-Std-750, Method 1039, Cond. B) 

100% 

100% 

READ Electrical Parameters (Group A) 

100% 

100% 


*T(L0W) = -55X 

**Cond. G, Fine Leak = 1 x 10“7 ATM. CC/sec. 
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2N6987, 2N6988 


Table 3. Simplified Hi>Rel Product Flow 


JAN 

JTX 

JTXV 

Commercial 

Commercial 

100% 

Product 

1 

Product 

1 

Pre Cap Visual 

1 

T 

Group A, B, C 

T 

100% 

T 

100% 

Sample 

Test 

Test 

Test 

1 

( 

I 

1 

Group A, B, C 

f 

Group A, B, C 

Ship 

Sample 

Sample 


Test 

1 

Test 

1 


T 

Ship 

T 

Ship 
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NPN Hermetic Silicon 

Quad General-Purpose 
Transistors 

Dual-ln-Line and Flatpack 
Full Mil-S-19500 Qualified to 
JAN, JTX and JTXV Levels 

. . . designed for general-purpose switching circuits and DC to VHF 
amplifier applications. 

• Four Isolated Transistors 

• DC Current Gain Specified — 0.1 to 500 mAdc 

• Low Collector-Cutoff Current — ICBO = nAdc (Max) @ Vc0 = 60 Vdc 

• High Collector Breakdown Voltages — ^(BJf\)CEO = 50 Vdc (Min) 

— V(BR)CB0 = 75 Vdc (Min) 

• Transistors Similar to 2N2222A 

• M19500/2N6989, 2N6990 

MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

50 

Vdc 

Collector-Base Voltage 

VCB 

75 

Vdc 

Emitter-Base Voltage 

Veb 

6.0 

Vdc 

Collector Current — Continuous 

'c 

800 

mAdc 


Each 

Transistor 

Total 

Device 


2N6989 

Total Power Dissipation @ Ta = 25°C 
Derate above 25°C 

pd 

0.525 

3.0 

1.5 

8.57 

Watts 

mW/°C 

2 N 6990 

Total Power Dissipation @ Ta = 25°C 
Derate above 25°C 

Pd 

0.14 

0.8 

0.4 

2.29 

Watts 

mwrc 

Operating and Storage Junction 

Temperature Range 

Tj/ Tstg 

-65 to -1-200 

°C 


2N6989 

2N6990 


2N6989 

CERAMIC 

CASE 632-08, STYLE 1 
TO-116 



14 13 12 11 10 


TO 


tT 111 "a u u u 


L?U 

rvi. 


14 2N6990 

CERAMIC 
CASE 607-04 
STYLE 1 
QUAD TRANSISTORS 



NPN SILICON 



Figure 1. Power Temperature Derating Curve 


Table 1. Product Classifications 


JAN — Controlled Lot with Sample Environmental and Life Testing 
JTX — 100% Processing Plus Sample Environmental and Life Testing 
JTXV — Same as JTX Plus 100% Internal Visual Inspection 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 

Characteristic ]~"symboi 1 Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(^^ 1 

dc = 10 mAdc, Ib = 0) 

V(BR)CEO 

50 

— 

Vdc 

Collector-Base Breakdown Voltage (Ic = 10 ^Adc, Ie = 0) I 

V(BR)CBO 

75 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 10 /xAdc, Ic = 0) 

V(BR)EBO 

6.0 

— 

Vdc 

Collector Cutoff Current (Ie = 0, VcB = 60 Vdc) 

'CBO 

— 

10 

nAdc 

(Ie = 0, VcB = 60 V, Ta = 150°C) 


— 

10 

jxA 

Emitter Cutoff Current dc = 0, VcB = 4.0 Vdc) 

iebo 

— 

10 

nAdc 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 







2N6989, 2N6990 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted) 


1 

Characteristic 

1 Symbol | 

Min 

1 Max 1 

Unit 1 

ON CHARACTERISTICS 







DC Current Gain^^l 

hpE 




(Ic = 0.1 mA, VcE = lOVdc) 


50 

— 


dC = 1.0 mA, VcE = 10 Vdc) 


75 

325 


dC = 10 mAdc, VcE = 10 Vdc) 


100 

— 


dC = 150 mAdc, Vqe = 10 Vdc) 


100 

300 


dC = 500 mAdc, Vqe = 10 Vdc) 


30 

— 


dC = 10 mA, VcE = 10 V, Ta = -55°C) 


35 

— 


Collector-Emitter Saturation Voltage (Ic = 150 mAdc, Ig = 15 mAdc) 

VCE(sat) 

— 

0.3 

Vdc 

(Ic = 500 mAdc, Ib = 50 mAdc) 

— 

1.0 


Base-Emitter Saturation Voltage dc = 150 mAdc, Iq = 15 mAdc) 

VBE(sat) 

0.6 

1.2 

Vdc 

(Ic = 500 mAdc, Ib = 50 mAdc) 

— 

2.0 



DYNAMIC CHARACTERISTICS 


Small Signal Current Gain 
(VcE = 10 V, Ic = 1.0 mA, f = 1.0 kHz) 

hfe 

50 

— 

— 

Magnitude of Small Signal Current-Gain 
dc = 20 mAdc, Vce = 20 Vdc, f = 100 MHz) 

l^ifel 

2.5 

8.0 

— 

Output Capacitance (Vcb = 10 Vdc, Ie = 0, f = 100 kHz to 1.0 MHz) 

^obo 

— 

8.0 

pF 

Input Capacitance (Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz to 1.0 MHz) 

o 

o 

- 

25 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time (Vce = 30 Vdc, VBE(off) = 0.5 Vdc, 

Ic = 150 mAdc, Ibi = 15 mAdc) (Figure 2) 

Ion 

— 

35 

ns 

Turn-Off Time (Vec = 30 Vdc, Ic = 150 mAdc, 

Ibi ^ IB2 = 15 mAdc) (Figure 3) 

loff 

— 

300 

ns 


(DPulse Test: Pulse Width ^ 300 /xs, Duty Cycle = 2%. 



Figure 2. ton Test Circuit Figure 3. toff Test Circuit 


Table 2. JTX, JTXV 100% Processing Steps 



JTX 

JTXV 

Internal Visual (Mil-Std-750, Method 2072) 

- 

100% 

High Temperature Storage (Mil-Std-750, Method 1032) 

100% 

100% 

Thermal Shock (Mil-Std-750, Method 1051 Cond. F*) 

100% 

100% 

Constant Acceleration (Mil-Std-750, Method 2006, 20 KG^, Yi) 

100% 

100% 

Hermetic Seal (Fine + Gross Leak) (Mil-Std-750, Method 1071, Cond. G or H)** 

100% 

100% 

READ Electrical Parameters (Group A) 

100% 

100% 

High Temperature Reverse Bias (Mil-Std-750, Method 1039, Cond. A) 

100% 

100% 

READ Electrical Parameters (Group A) 

100% 

100% 

Power Burn-In (Mil-Std-750, Method 1039, Cond. B) 

100% 

100% 

READ Electrical Parameters (Group A) 

100% 

100% 


*T(L0W) = -55°C 

**Cond. G, Fine Leak = 1 x 10“^ ATM. CC/sec. 
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2N6989, 2N6990 


Table 3. Simplified Hi-Rel Product Flow 


JAN 

JTX 

JTXV 

Commercial 

Commercial 

100% 

Product 

1 

Product 

1 

Pre Cap Visual 

1 

T 

Group A, B, C 

T 

100% 

▼ 

100% 

Sample 

Test 

Test 

Test 

1 

i 

I 

1 

T 

Group A, B, C 

▼ 

Group A, B, C 

Ship 

Sample 

Sample 


Test 

1 

Test 

1 


T 

Ship 

T 

Ship 
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MAXIMUM RATINGS 


Rating 

Symbol 

BC 

107 

BC 

108 

BC 

109 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

25 

25 

Vdc 

Collector-Base Voltage 

VCBO 

50 

30 

30 

Vdc 

Emitter-Base Voltage 

vebo 

6 

5 

5 

Vdc 

Collector Current - Continuous 

ic 

0.2 

Amp 

Total Device Dissipation 'o Ta = 25°C 
Derate above 25°C 

pd 

0.6 

2.28 

Watt 

mW/°C 

Total Device Dissipation Tq = 25°C 

Tc = 100°C 

Derate above 25°C 

pd 

1 

6.67 

Watt 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tjr Tstg 

- 65 to +200 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rf^jc 

175 

°c/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


I Characteristic 

1 Symbol | 

Min 1 

1 Typ 

1 Max 1 

Unit 1 

OFF CHARACTERISTICS 







Collector Base Leakage Current 
(IE = 0, VcB = 45 V) BC107 

dE = 0, VcB = 45 V, TAmb = 125°C) BC107 

(lE = 0, VcB = 25 V) BC108/109 

(lE = 0, VcB = 25 V, TAmb ^ 125°C) BC108/109 

ICBO 



1 5 

4 

15 

4 

nA 

^lA 

nA 

uA 

Emitter Base Breakdown Voltage 
(lE = 10 |.iA, Ic = 0) BC107 

BC108/109 

V(BR)EBO 

6 

5 



V 

Collector Emitter Breakdown Voltage 
(IC = 2 mA, lE = 0) BC107 

BC108/109 

V{BR)CE0 

45 

25 



V 


ON CHARACTERISTICS 


DC Current gain 

(VcE = 5 V, Ic = 2 mA) BC107 

BC108 

BC109 

A group 

B group 

C group 

(VCE = 5 V, Ic = 10 |j,A) B group 

C group 

hpE 

1 10 

1 10 
200 

1 10 
200 
420 

40 

100 


450 

800 

800 

220 

450 

800 


Base Emitter Saturation Voltage 
(Ic = 10 mA, IB = 0.5 mA) 

(Ic = 100 mA, IB = 5 mA) 

VBE(sat) 


0.7 

1.0 

0.83 

1.05 

V 

Collector Emitter Saturation Voltage 
(Ic = 10 mA, IB = 0.5 mA) 

(Ic = 100 mA, IB = 5 mA) 

VCE(sat) 



0.25 

0.60 

V 

Base Emitter on Voltage 
dC = 2 mA, VCE = 5 V) 
dC = 10 mA, VcE = 5 V) 

VBE(on) 

0.55 


0.70 

0.77 

V 

Collector Knee Voltage 

(Ic = 10 mA, Ib = the value for which Ic = 11 mA at VcE = 1 V) 

VCE{K) 


0.4 

0.6 

V 


DYNAMIC CHARACTERISTICS 


Transition Frequency 
(IC = 10 mA, f = 100 MHz, VcE = 5 V) 

fT 

150 

300 


MHz 

Noise Figure 


NF 




dB 

(VcE = 5 V, Ic = 0.2 mA, Rg = 2 KQ) 







F = 30 Hz to 15 kHz 

BC109 




4 


F = 1 kHz, AF = 200 Hz 

BC109 




4 



BC107/108 




10 
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BC107, A, B, C thru BC109, A, B, C 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Capacitance 

Oobo 




PF 

(VcB = 10 V, f = 1 MHz) 




4.5 


h2le Parameters 

h21e 





(VcE = 5 V, Ic = 2 mA, f = 1 kHz) BC1 07/1 08 


125 


500 


BC109 


240 


900 


A group 


125 


260 


B group 


240 


500 


C group 


450 


900 


hi 1 e Parameters 

hl1e 





(VcE = 5 V, Ic = 2 mA, f = 1 kHz) A group 


1.6 


4.5 


B group 


3.2 


8.5 


C group 


6.0 


1 5 


h22e Parameters 

h22e 





(VcE = 5 V, Ic = 2 mA, f = 1 kHz) A group 




30 


B group 




60 


C group 




1 10 



FIGURE 1 — EMITTER-BASE CAPACITANCE 
COLLECTOR-BASE CAPACITANCE 


3 



VCBO. COLLECTOR BASE VOLTAGE (VOLTS) 
VebO. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 2 — CURRENT GAIN — BANDWIDTH PRODUCT 



FIGURE 3 — TOTAL PERMISSIBLE POWER DISSIPATION 
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MAXIMUM RATINGS 


Rating 

Symbol 

BC 

140 

BC 

141 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

60 

Vdc 

Collector-Base Voltage 

VCBO 

80 

100 

Vdc 

Emitter-Base Voltage 

vebo 

7 

Vdc 

Collector Current - Continuous 

ic 

1 

Adc 

Total Device Dissipation @ Ta = 25°C 

pd 

0.8 

Watt 

Derate above 25°C 


4.6 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

pd 

3.7 

Watt 

Derate above 25°C 


20 

mW/°C 

Operating and Storage Junction 

Tj,Tstg 

-65 to +200 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^yjc 

35 

°C/W 

Thermal Resistance, Junction to Ambient 

Rf^JA 

200 

°c/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic f 


BC14«-10, -16 
BC141-10, -16 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 



AMPLIFIER TRANSISTORS 

NPN SILICON 


Refer to 2N3019 for graphs. 

Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector Cutoff Current 

(lE = 0, VcE = 60 V) Ta = 150°C 

Ices 


100 

100 

nA 

pA 

Collector-Emitter Breakdown Voltage BC140 Series 

(Ices = 100 M^A, Ie = O) BC141 Series 

V(BR)CES 

80 

100 


V 

Collector-Emitter Breakdown Voltage(l) 

(Ic = 30 mA, Ib = 0) BC140 Series 

BC141 Series 

V(BR)CEO 

40 

60 


V 

Emitter-Base Breakdown Voltage 
(Ie = 100 |iA, Ic = 0) 

V(BR)EBO 

7 


V 


ON CHARACTERISTICS 


DC Current Gain{1) 

(Ic = 100 mA, VcE = 1 V) 

for BC140, 141, -10 
for BC140, 141, -16 

hPE 

63 

100 

160 

250 


Collector-Emitter Saturation Voltage(l) 
dC = 1 A, IB = 0.1 A) 

VCE(sat) 


1 

V 

Base-Emitter Voltage(l) 
dC = 1 A, VcE = 1 V) 

VBE(on) 


2 

V 


SMALL SIGNAL CHARACTERISTICS 


Gain Bandwidth Product 
(Ic = 50 mA, VcE ^ 10 V, f = 20 MHz) 

fT 

50 


MHz 

Input Capacitance 
(Veb = 0,5 V, Ic = 0, f = 1 MHz 

Cib 


80 

pF 

Capacitance 

dE = 0, VcB = 10 V, f = 1 MHz) 

(^ob 


25 

PF 

Turn On Time 

(Ic = 150 mA, IBI = 7.5 mA) 

ton 


250 

ns 

Turn Off Time 

(Ic = 150 mA, Ibi = IB2 = 7.5 mA) 

toff 


850 

ns 


(1) Pulsed; Pulse Duration = 300 fis. Duty Cycle = 1%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

BC 

160 

BC 

161 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

60 

Vdc 

Collector-Base Voltage 

VCBO 

40 

60 

Vdc 

Emitter-Base Voltage 

vebo 

5 

Vdc 

Collector Current - Continuous 

ic 

1 

Adc 

Total Device Dissipation @Ta = 25°C 

pd 

0.8 

Watt 

Derate above 25°C 


4.6 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

pd 

3.7 

Watt 

Derate above 25°C 


20 

mW/°C 

Operating and Storage Junction 

Tj- Tstg 

-65 to +200 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^^jc 

35 

°C/W 

Thermal Resistance, Junction to Ambient 

R^yjA 

200 

°c/w 


BC160, -6, -10, -16 
BC161, -6, -10, -16 


CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 



AMPLIFIER TRANSISTORS 

PNP SILICON 


Refer to 2N4033 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


1 Characteristic 

1 Symbol | 

Min 

1 Max 1 

Unit 1 

OFF CHARACTERISTICS 






Collector Cutoff Current 
lE = 0, VcES = -40 V for BC160 

VCES = -60 V for BC161 

VcES = -40 V for BC1 60 TAmb = 150°C 

VCES = -60 V for BC161 TAmb = 150°C 

Ices 


- 100 
- 100 
-100 
-100 

nA 

^xA 

Collector Emitter Breakdown Voltage 

Ic = -100 i^A, Ie = 0 for BC160 Series 

for BC161 Series 

V{BR)CES 

-40 

-60 


V 

Collector-Emitter Breakdown Voltage(l) 

Ic = -10 mA, Ib = 0 for BC160 Series 

for BC161 Series 

V(BR)CE0 

-40 

-60 


V 

Emittor-Base Breakdown Voltage 
lE = -100 i^A, Ic = 0 

V(BR)EB0 

-5 


V 


ON CHARACTERISTICS 


DC Current Gam (1) 

Ic = -100 mA, VcE = -1 V 

for BC160, BC161 
for BC160, BC161, -6 
for BC160, BC161, -10 
for BC160, BC161, -16 

hpE 

40 

40 

63 

100 

400 

100 

1 60 

250 


Collector-Emitter Saturation Voltage(l) 
dC = -1 A, IB = -0.1 A) 

VCE(sat) 


- 1 

V 

Base-Emitter Voltage(l) 
dC = -1 A, VcE = -1 V) 

VBE(on) 


-1.7 

V 


SMALL SIGNAL CHARACTERISTICS 


Gam Bandwidth Product 
dC = -50 mA, VcE = ”10 V, f = 20 MHz 

fT 

50 


MHz 

Input Capacitance 
(Veb = -10 V, f = 1 MHz) 

Cib 


180 

PF 

Output Capacitance 
(VcB = -10 V, lE = 0, f = 1 MHz) 

Cobo 


30 

PF 

Turn On T ime 

(Ic = -100 mA, Ibi = -5 \iA) 

Ton 


500 

ns 

Turn Off Time 

(Ic = -100 mA, Ibi = IB2 = -5 pA) 

Toff 

i 

650 

ns 


(1) Pulsed; Pulse Duration = 300 |is, Duty Cycle = 1%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

BC 

177 

BC 

178 

BC 

179 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

25 

20 

Vdc 

Collector-Emitter Voltage 

VCES 

50 

30 

25 

Vdc 

Collector-Base Voltage 

VCBO 

50 

30 

25 

Vdc 

Emitter-Base Voltage 

vebo 

5 

Vdc 

Collector Current - Continuous 

ic 

0.2 

Amp 

Total Device Dissipation @Ta = 25°C 
Derate above 25°C 

pd 

0.6 

2.28 

Watt 

mW/°C 

Total Device Dissipation @Tc = 25°C 

Tc = 100°C 

Derate above 25°C 

pd 

1 

6.67 

Watt 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

- 65 to + 200 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rf^JC 

175 

°C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit ~| 


OFF CHARACTERISTICS 


Collector Emitter Leakage Current 
(VCE = 20 V, lE = 0) 

(Vce = 20 V, Ie = 0, TAmb= 125°C) 

'CES 



100 

4 

nA 

fiA 

Collector Base Breakdown Voltage 

BC177 

V{BR)CBO 

50 



V 

dC = 10 \xA) 

BC1 78 


30 





BC179 


25 




Collector Emitter Breakdown Voltage 

BC177 

V{BR)CEO 

45 



V 

(Ic = 2 mA, lE = 0) 

BC178 


25 





BC179 


20 




Emitter Base Breakdown Voltage 


V(BR)EB0 

5 



V 

(lE = 10 ^lA, Ic = 0) 








ON CHARACTERISTICS 


DC Current Gain BC177 

(Ic = 2 mA, VcE = 5 V) BC178 

BC179 

A Group 

B Group 

C Group 

hpE 

120 

120 

180 

120 

180 

380 


460 

800 

800 

220 

460 

800 


Collector Emitter Saturation Voltage 
(Ic = 10 mA, Ib = 0.5 mA) 

(Ic = 100 mA, Ib = 5 mA) 

vCE(sat) 



0.2 

0.6 

V 

Base Emitter Saturation Voltage 
(Ic = 10 mA, Ib = 0.5 mA) 

(Ic = 100 mA, Ib = 5 mA) 

VBE(sat) 


0.7 

0.9 

0.8 

V 

Base Emitter on Voltage 
(Ic = 2 mA, VcE = 5 V) 

VBE(on) 

0.6 


0.75 

V 

Collector Knee Voltage 
(Ic = 10 mA, Ib = the value for which 
(Ic = 1 1 mA, at VcE = IV) 

VCE(K) 


0.4 

0.6 

V 


DYNAMIC CHARACTERISTICS 


Transition Frequency 
(VcE = 5 V, Ic = 10 mA, f = 50 MHz) 

fT 

200 

300 


MHz 

Noise Figure 


NF 





dB 

(VcE = 5 V, Ic = 0.2 mA, Rg = 2 KQ) 








F = 30 Hz to 15 kHz 

BC179 





4 


F = 1 kHz, F = 200 Hz 

BC179 





4 



BC177/178 





10 
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BC177, A, B, C thru BC179, A, B, C 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 



3 
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MAXIMUM RATINGS 


Rating 

Symbol 

BC 

393 

BC 

394 

Unit 

Collector-Emitter Voltage 

VCEO 

180 

180 

Vdc 

Collector-Base Voltage 

VCBO 

180 

180 

Vdc 

Emitter-Base Voltage 

vebo 

6 

6 

Vdc 

Collector Current - Continuous 

ic 

0.5 

Amp 

Total Device Dissipation @Ta - 25°C 

pd 

0.4 

Watt 

Derate above 25°C 


2.66 

mW/°C 

Total Device Dissipation @Tc = 25°C 

Tc = 100°C 

pd 

1.5 

Watt 

Derate above 25°C 


10.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R6IJC 

125 

°C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dC = 10 mA, IB = 0) 

V(BR)CEO 

180 



Vdc 

Collector-Base Breakdown Voltage 
dC = 100 ^lAdc, lE = 0) 

V(BR)CB0 

180 



Vdc 

Emitter-Base Breakdown Voltage 
(lE = 100 ijAdc, Ic = 0) 

V(BR)EB0 

6 



Vdc 

Collector Cutoff Current 
(VCB = 100 V, lE = 0) 

ICBO 



50 

nA 

Collector-Emitter Cutoff 
(VCE = 100 V, IB = 0) (TAmb = 150°C) 

•CEO 



50 

KiA 

ON CHARACTERISTICS!!) 

DC Current Gain 
(Ic = 10 mA, VcE = 10 V) 

hPE 

50 

100 



Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, 1 b = 1 mAdc) 

VCE(sat) 


0.1 5 

0.3 

Vdc 

Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ib = 1 mAdc) 

VBE(sat) 


0.7 

0.9 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain Bandwidth Product 
(Ic = 20 mAdc, VcE = 20 Vdc, f = 20 MHz) 

fT 

50 

110 

200 

MHz 

Output Capacitance 
dE = 0, VcB = 20 Vdc, f = 1 MHz) 

Cobo 



3.5 

7 

pF 

Input Capacitance 
(Ic = 0, Veb = 0.5 Vdc, f = 1 MHz) 

Cib 



75 



PF 

Turn-On Time 

(IBI = 10 mA, Ic = 50 mAdc, Vcc = 100 Vdc)) 

Ion 



100 



ns 

Turn-Off Time 

(IB2 = 10 mAdc, Ic = 50 mAdc, Vcc = 100 Vdc)) 

toff 

— 

400 

— 

ns 


* Pulse Test: Pulse Width ^ 300 (is, Duty Cycle ^ 2%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

BCY 

58 

BCY 

59 

Unit 

Collector-Emitter Voltage 

VCEO 

32 

45 

Vdc 

Collector-Emitter Voltage 
(RBE = 10 Ohms) 

VCES 

32 

45 

Vdc 

Emitter-Base Voltage 

vebo 

7 

Vdc 

Collector Current - Continuous 

ic 

0.2 

Amp 

Total Device Dissipation @Ta = 25°C 
Derate above 25°C 

pd 

0.6 

2.28 

Watt 

mW/°C 

Total Device Dissipation @Tc = 25°C 

Tc = 100°C 

Derate above 25°C 

pd 

1 

6.67 

Watt 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj. Tstg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rwc 

150 

°C/W 

Thermal Resistance, Junction to Ambient 

Rf^JA 

450 

°c/w 


BCY58-VII,-VIII,-IX,-X 
BCY59 -VII, -VIII, -IX, -X 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 



TRANSISTORS 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Type | Symbol | Min | Typ | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 10 mAdc, Ic = 0) 

BCY58 

BCY59 

V(BR)CEO 

32 

45 



Vdc 

Emitter-Base Breakdown Voltage 

all 

V(BR)EBO 




Vdc 

(lE = liiAdc, Ic = 0) 



7 




Collector Cutoff Current 






nAdc 

(VCE = 32 V) 

BCY58 

Ices 


0.2 

10 


(VcE ^ 45 V) 

BCY59 



0.2 

10 


(VcE = 32 V, Ta = 100°C, Vbe == 0.2 V) 

BCY58 

ICEX 



20 

jiAdc 

(VcE = 45 V, Ta = 100°C, Vbe = 0.2 V) 

BCY59 




20 


(VcE = 32 V, Ta = 150°) 

BCY58 

Ices 


0.2 

10 

pAdc 

(VcE = 45 V, Ta = 150°) 

BCY59 



0.5 

10 


Emitter Base Cutoff Current 

all 

lEBO 




nAdc 

(Veb = 5 V) 





10 



ON CHARACTERISTICS 


DC Current Gain 
(Ic = 10 iiAdc, VcE = 5 Vdc) 

(IC = 2 mAdc, VcE = 5 Vdc) 

(Ic = 10 mAdc, VcE = 1 Vdc) 

dC = 100 mAdc, VcE = 1 Vdc) 

BCY59-VII, BCY58-VII 
BCY59-VIII. BCY58-VIII 
BCY59-IX, BCY58-IX 
BCY59-X, BCY58-X 
BCY59-VII, BCY58-VII 
BCY59-VIII, BCY58-VIII 
BCY59-IX, BCY58-IX 
BCY59-X, BCY58-X 
BCY59-VII, BCY58-VII 
BCY59-VIII, BCY58-VIII 
BCY59-IX, BCY58-IX 
BCY59-X, BCY58-X 
BCY59-VII, BCY58-VII 
BCY59-VIII. BCY58-VIII 
BCY59-IX, BCY58-IX 
BCY59-X, BCY58-X 

hpE 

20 

40 

100 

120 

180 

250 

380 

80 

120 

160 

240 

40 

45 

60 

60 

145 

220 

300 

170 

250 

350 

500 

190 

260 

380 

550 

220 

310 

460 

630 

400 

630 

1000 


Collector-Emitter Saturation Voltage 
(Ic = 100 mAdc, 1 b = 2.5 mAdc) 

(Ic = 10 mAdc, Ib = 0.25 mA) 

all 

VCE(sat) 

0.15 

0.05 

0.30 

0.12 

0.70 

0.35 

Vdc 

Base-Emitter Saturation Voltage 
(Ic = 10 mA, Ib = 0.25 mA) 

(Ic = 100 mA, Ib = 2.5 mA) 

all 

VBE(sat) 

0.6 

0.75 

0.70 

0.90 

0.85 

1.2 

Vdc 

Base-Emitter on Voltage 
(Ic = 2 mAdc, VcE = 5 Vdc) 

all 1 

VBE(on) 

0.55 

0.62 

0.70 

Vdc 
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BCY58, -V», -VIII, -IX, -X, BCY59, -VII, -VIII, -IX, -X 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic j Type | Symbol | Min | Typ | Max | Unit ~] 

DYNAMIC CHARACTERISTICS SMALL SIGNAL CHARACTERISTICS 


Current Gain-Bandwidth Product 
dC = 10 mAdc, VcE = 5 V, f = 100 MHz) 

all 

fT 

125 

200 


MHz 

Output Capacitance 

all 

Cob 




PF 

(VcE = 10 Vdc, Ic = 0, f = 1 MHz) 




3.5 

6 


Input Capacitance 

all 

Cib 




PF 

(VbE = 0.5 V, Ic = 0, f = 1 MHz) 




8 

15 


Small Signal Current Gain 


hfe 





(Ic = 2 mAdc, VcE = 5 Vdc, f = 1 kHz) 

BCY58-VII, BCY59-VII 

(h21e) 

125 

200 

250 



BCY58-VIII, BCY59-VIII 


175 

260 

350 



BCY58-IX, BCY59-IX 


250 

330 

500 



BCY58-X, BCY59-X 


350 

520 

700 


Output Admittance 


hoe 




jimhos 

dC = 2 mAdc, VcE = 5 Vdc, f = 1 kHz) 

BCY58-VII, BCY59-VII 

(h22e) 



30 



BCY58-VIII, BCY59-VIII 




50 



BCY58-IX, BCY59-IX 




60 



BCY58-X, BCY59-X 




100 


Input Impedance 


hie 




Kohms 

(Ic = 2 mAdc, VcE = 5 Vdc, f = 1 kHz) 

BCY58-VII, BCY59-VII 

(hi ie) 

1.6 


4.5 



BCY58-VIII, BCY59-VIII 


2.5 


6 



BCY58-IX, BCY59-IX 


3.2 


8.5 



BCY58-X, BCY59-X 


4.5 


12 


Voltage Feedback Ratio 


hre 




X10 " 

(Ic = 2 mAdc, VcE = 5 Vdc, f = kHz) 

BCY58-VII, BCY59-VII 

(hl2e) 


1.5 




BCY58-VIII, BCY59-VIII 



2 




BCY58-IX, BCY59-IX 



2 




BCY58-X, BCY59-X 



3 



Noise Figure 


Np 




dB 

dC = 0.2 mAdc, VcE = 5 Vdc, 

all 






RS = 2 Kohms, f = 1 kHz) 




2 

6 



SWITCHING CHARACTERISTICS 


Ic = 10 mA, Ibi = 1 mA, Ib 2 ^ 1 rnA 

Vbb = 3.6 V, Ri = R2 = 5 KQ 

RL = 990 ohms 

* See test circuit. 


td 

tr 

ton 

ts 

tf 

toff 


35 

50 

85 

400 

80 

480 

1 50 

800 

nS 

Ic = 100 mA, Ibi = 10 mA, Ib 2 = 10 mA 


td 


5 


nS 

Vbb = 5 V, Ri = 500 q, R 2 = 70d q 


tr 


50 



Rl = 98 ohms 


ton 


55 

1 50 


* See test circuit. 


ts 


250 







200 





toff 


450 

800 
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HpE. CURRENT GAIN HpE. CURRENT GAIN 


BCY58, -VII, -VIII, -IX, -X, BCY59, -VII, -VIII, -IX, -X 


TEST CIRCUIT 


-I-Vbb -10V(Vcc> 



to oscilloscope 
tr <5 ns 
Zj > 100 


3 


FIGURE 1 - CURRENT GAIN 
(BCY58-VII/BCY59-VII) 


FIGURE 2 - CURRENT GAIN 
(BCY58-VI I I/BCY59-VI 1 1 ) 



10 ’ 10 ° 10 ’ 102 
COLLECTOR CURRENT (mA) 



10-1 10 ° 10 ’ 102 
COLLECTOR CURRENT (mA' 


FIGURE 3 - CURRENT GAIN 
(BCY58-IX/BCY59-IX) 


FIGURE 4 - CURRENT GAIN 
(BCY58-X/BCY59-X) 




IQ-I 10° 10’ 102 10’ 10° 10’ 102 

COLLECTOR CURRENT (mA) COLLECTOR CURRENT (mA) 
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BCY58, -VII, -VIII, -IX, -X, BCY59, -VII, -VIII, -IX, -X 


FIGURE 5 - SATURATION VOLTAGE 




10 -’ 100 101 10 ? 

IC, COLLECTOR CURRENT (mA) 


FIGURE 7 - INPUT CHARACTERISTIC 
(COMMON EMITTER CIRCUIT) 


FIGURE 8 - OUTPUT CHARACTERISTIC 
(COMMON EMITTER CIRCUIT) 




1 2 
VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 9 - OUTPUT CHARACTERISTIC 
(COMMON EMITTER CIRCUIT) 


FIGURE 10- OUTPUT CHARACTERISTIC 
(COMMON EMITTER CIRCUIT) 



1 2 3 4 5 

VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 



VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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MHz IC, COLLECTOR CURRENT (mA) 
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MAXIMUM RATINGS 


Rating 

Symbol 

BCY 

70 

BCY 

71 

BCY 

72 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

45 

25 

Vdc 

Collector-Base Voltage 

VCBO 

50 

45 

25 

Vdc 

Emitter-Base Voltage 

vebo 

5 

Vdc 

Collector Current - Continuous 

ic 

0.2 

Amp 

Total Device Dissipation @Ta == 25°C 

pd 


360 


mWatt 

Derate above 25°C 



2.06 


mW/°C 

Total Device Dissipation @Tc = 25°C 

pd 


0.6 


mWatt 

Tc = 100°C 






Derate above 25°C 



4.0 


mW/°C 

Operating and Storage Junction 

Tj, Tstg 

-65 to +200 

°C 

Temperature Range 







THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

175 

°C/W 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | UnlT 


OFF CHARACTERISTICS 


Collector Emitter Breakdown Voltage 
(Ic = 2 mA, Ib = 0) 

BCY70 

BCY71 

BCY72 

V(BR)CE0 

40 

45 

25 



Vdc 

Collector Base Leakage Current 


ICBO 





(lE = 

0, VcB = 50 V) 

BCY70 




0.5 

^xA 

(lE = 

0, VcB = 45 V) 

BCY71 




0.5 


(lE = 

0, VcB = 25 V) 

BCY72 




0.5 


(lE = 

0, Vcb- 40 V, TAmb^lOOX) 

BCY70 




2 


(lE = 

0, VcB =40V, TAmb = 100°C) 

BCY71 




2 


(lE = 

0, VcB = 20 V, TAmb = 100°C) 

BCY72 




2 


(lE = 

0, VcB = 40 V) 

BCY70 




10 

nA 

(lE = 

0, VcB = 40 V) 

BCY71 




50 


(lE = 

0, VcB = 20 V) 

BCY72 




50 


Emitter Base Leakage Current 


lEBO 





(Veb 

= 5 V, Ic = 0) 





0.5 


(Veb 

= 4 V, Ic = 0) 





10 

nA 

(Veb 

= 4V, lc = 0,TAmb = 100°C) 





2 

mA 

Collector Emitter Leakage Current 


ICEX 




nA 

(VCE 

- 50 V, Vbe = 3 V) 

BCY70 




20 



ON CHARACTERISTICS 


DC Current Gam 

(VcE = 1 V, Ic = 10 ^lA) 

(VcE - 1 V, Ic = 100 ^xA) 

(VcE = 1 V, Ic = 1 mA) 

(VcE = 1 V, Ic = 10 mA) 

(VcE = 1 V, Ic = 50 mA) 

BCY71 

BCY70 

BCY71 

BCY70 

BCY71 

BCY72 

BCY70 

BCY71 

BCY72 

BCY70 

HFE 

40 

40 

80 

45 

90 

40 

50 

100 

50 

15 


600 


Base Emitter Saturation Voltage 


VBE(sat) 




V 

(Ic = 50 mA, Ib = 5 mA) 

BCY70/71 




1.2 


(Ic = 10 mA, Ib = 1 mA) 

BCY70/71 


0.6 


0.9 


Collector Emitter. Saturation Voltage 


VCE(sat) 




V 

(Ic = 50 mA, Ib = 5 mA) 





0.50 


(Ic = 10 mA, Ib = 1 mA) 





0.25 



MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 






MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 





MAXIMUM RATINGS 


Rating 

Symbol 

BCY 

78 

BCY 

79 

Unit 

Collector-Emitter Voltage 

VCEO 

32 

45 

Vdc 

Collector-Emitter Voltage 
(RBE = 10 Ohms) 

VCES 

32 

45 

Vdc 

Emitter-Base Voltage 

vebo 

5 

Vdc 

Collector Current - Continuous 

ic 

0.2 

Amp 

Total Device Dissipation @Ta = 25°C 
Derate above 25°C 

pd 

0.6 

2.28 

Watt 

mW/°C 

Total Device Dissipation @Tc = 25°C 

Tc = 100°C 

Derate above 25°C 

pd 

1 

6.67 

Watt 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj- Tstg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^JC 

150 

°C/W 

Thermal Resistance, Junction to Ambient 

Roja 

450 

°c/w 


BCY78-VII, -VIII, -IX, -X 
BCY79-VII, -VIII, -IX, -X 


CASE 22-03, STYLE 1 
.TO-18 (T0-206AA) 



1 Emitter 


TRANSISTORS 

PIMP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Type | Symbol | Min | Typ | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 10 mAdc, Ic = 0) 

BCY78 Series 

BCY79 Series 

V(BR)CE0 

32 

45 




Emitter-Base Breakdown Voltage 

all 

V(BR)EB0 




Vdc 

dE = 2 laAdc, Ic = 0) 



5 




Collector Cutoff Current 







(VCE = 32 V) 

BCY78 Series 

iCES 


0.2 

100 

nA 

(VcE = 45 V) 

BCY79 Series 



0.2 

100 


(VcE = 32 V, Ta - 100°C, VbE = 0.2 V) 

BCY78 Series 

ICEX 



20 

|iAdc 

(VcE = 45 V, Ta = 100°C, VbE = 0.2 V) 

BCY79 Series 




20 


(VcE = 25 V, Ta - 150°) 

BCY78 Series 

Ices 


0.2 

10 

nAdc 

(VcE = 35 V, Ta = 150°) 

BCY79 Series 



0.5 

10 


Emitter Base Cutoff Current 

all 

lEBO 




nA 

(Veb = 4 V) 





20 



ON CHARACTERISTICS 


DC Current Gain 
(Ic = 10 ^Adc, VcE = 5 Vdc) 

(Ic = 2 mAdc, VcE = 5 Vdc) 

(Ic = 10 mAdc, VcE = 1 Vdc) 

(Ic = 100 mAdc, VcE = 1 Vdc) 

BCY79-VII, BCY78-VII 
BCY79-VIII, BCY78-VIII 
BCY79-IX, BCY78-IX 
BCY79-X, BCY78-X 
BCY79-VII, BCY78-VII 
BCY79-VIII, BCY78-VIII 
BCY79-IX, BCY78-IX 
BCY79-X, BCY78-X 
BCY79-VII, BCY78-VII 
BCY79-V1II, BCY78-VIII 
BCY79-IX, BCY78-IX 
BCY79-X, BCY78-X 
BCY79-VII, BCY78-VII 
BCY79-VIII, BCY78-VIII 
BCY79-IX, BCY78-IX 
BCY79-X, BCY78-X 

hPE 

— 

30 

40 

100 

120 

180 

250 

380 

80 

120 

160 

240 

40 

45 

60 

60 

145 

220 

300 

170 

250 

350 

500 

190 

260 

380 

550 

220 

310 

460 

630 

400 

630 

1000 


Collector-Emitter Saturation Voltage 
(Ic = 100 mAdc, Ib = 2.5 mAdc) 

(Ic = 10 mAdc, Ib = 0.25 mA) 

all 

VCE(sat) 

0.15 

0.05 

0.30 

0.12 

0.80 

0.25 

Vdc 

Base-Emitter Saturation Voltage 
(Ic = 10 mA, Ib = 0.25 mA) 

(Ic = 100 mA, Ib = 2.5 mA) 

all 

VBE(sat) 

0.6 

0.75 

0.70 

0.90 

0.85 

1.2 i 

Vdc 

Base-Emitter on Voltage 
(Ic = 2 mAdc, VcE = 5 Vdc) 

all 

VBE(on) 

0.60 

0.62 

0.75 

Vdc 
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BCY78-VII, -VIH, -IX, -X, BCY79-VII, -VIII, -IX, -X 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic | Type | Symbol | Min [ Typ | Max [ Unit ~| 


DYNAMIC CHARACTERISTICS SMALL SIGNAL CHARACTERISTICS 


Current Gain-Bandwidth Product 
dC = 10 mAdc, VcE = 5 V. f = 100 MHz) 

all 

fT 

180 

300 


MHz 

Output Capacitance 

all 

Oob 




PF 

(VcE = 10 Vdc, Ic = 0, f = 1 MHz) 




3.5 

7 


Input Capacitance 

all 

Cib 




PF 

(Vbe = 0.5 V, Ic = 0, f = 1 MHz) 




8 

15 


Small Signal Current Gain 


hfe 





(Ic = 2 mAdc, VcE = 5 Vdc, f = 1 kHz) 

BCY78-VII, BCY79-VII 

(h21e) 


200 




BCY78-VIII, BCY79-VIII 



260 




BCY78-IX, BCY79-IX 



330 




BCY78-X, BCY79-X 



520 



Input Impedance 


hie 




Kohms 

(Ic = 2 mAdc, VcE = 5 Vdc, f = 1 kHz) 

BCY78-VII, BCY79-VII 

(hue) 

1.6 


4.5 



BCY78-VIII, BCY79-VIII 


2.5 


6 



BCY78-IX, BCY79-IX 


3.2 


8.5 



BCY78-X, BCY79-X 


7.5 


12 


Voltage Feedback Ratio 


hre 




X 10-^ 

(Ic = 2 mAdc, VcE = 5 Vdc, f = 1 kHz) 

BCY78-VII, BCY79-VII 

(hl2e) 


1.5 




BCY78-VIII, BCY79-VIII 



2 




BCY78-IX, BCY79-IX 



2 




BCY78-X. BCY79-X 



3 



Noise Figure 


Nf 




dB 

(Ic = 0.2 mAdc, VcE = 5 Vdc, 

all 






RS = 2 Kohms, f = 1 kHz) 




2 

6 



SWITCHING CHARACTERISTICS 


Ic = 10 mA, 1 bi = 1 mA, Ib2 ~ 1 

VbB = 3.6 V, Ri = R2 = 5 KQ 

Rl = 990 ohms 

* See test circuit. 


td 

tr 

ton 

ts 

tf 

toff 


35 

50 

85 

400 

80 

480 

1 50 

800 

nS 

Ic = 100 mA, 1 bi = 10 mA, Ib 2 ~ 10 mA 


td 


5 


nS 

VbB = 5 V, Ri = 500 Q, R 2 - 700 Q 


tr 


50 



Rl = 98 ohms 


ton 


55 

150 


* See test circuit. 


ts 


250 





tf 


200 





toff 


450 

800 
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MAXIMUM RATINGS 


Rating 

Symbol 

BF 

257 

BF 

258 

BF 

259 

Unit 

Collector-Emitter Voltage 

VCEO 

160 

250 

300 

Vdc 

Collector-Emitter Voltage 

VCER 

160 

250 

300 

Vdc 

Collector-Base Voltage 

VCBO 

160 

250 

300 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

ic 

0.1 

Adc 

Total Device Dissipation @Ta = 25°C 
Derate above 25°C 

pd 

0.8 

4.57 

Watt 

mW/°C 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

pd 

5.0 

28.6 

Watt 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj« Tstg 

-65 to +200 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rf^JC 

35 

°C/W 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 30 mAdc, Ib = 0) 

BF257 

BF258 

BF259 

V(BR)CE0 

— 

160 

250 

300 

- 

~ 

Vdc 

Collector-Base Breakdown Voltage 


V{BR)CB0 




Vdc 

(IC = 100 iiAdc, lE = 0) 

BF257 


160 

— 

— 



BF258 


250 

— 

— 



BF259 


300 

— 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

-- 

__ 

Vdc 

dE = 100 ^lAdc, Ic = 0) 







Collector Cutoff Current 


>CB0 




nAdc 

(VcB = 100 Vdc, lE = 0) 

BF257 


- 

1 

50 


(VcB = 200 Vdc, lE = 0) 

BF258 


— 

1 

50 


(VcB = 250 Vdc, lE = 0) 

BF259 


— 

1 

50 



ON CHARACTERISTICS 


DC Current Gain 
(IC = 30 mAdc, VcE = 10 Vdc) 

hFE 

25 

80 

— 

— 

Collector-Emitter Saturation Voltage 
(Ic = 30 mAdc, 1 b = 6.0 mAdc) 

VCE{sat) 

— 

0.1 

1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain Bandwidth Product 
(Ic = 30 mAdc, VcE = 1 0 Vdc, f = 100 MHz) 

fT 

— 

110 

— 

MHz 

Reverse Transfer Capacitance 
(VcB = 30 Vdc, Ie = 0, f = 500 kHz) 

Cre 

-- 

3.5 

— 

PF 

Collector-Base Capacitance 
(VcB = 1 0 Vdc, lE = 0, f = 500 kHz) 

Ccb 

— 

5.5 

~ 

PF 
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BFW43 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

150 

Vdc 

Collector-Base Voltage 

VCBO 

150 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

Vdc 

Collector Current — Continuous 

ic 

0.1 

Adc 

Total Device Dissipation @ T^ = 25°C 

Pd 

0.4 

Watt 

Derate above 25°C 


2.66 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.4 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Junction 

Temperature Range 

Tj/ Tgtg 

-65 to -i-200 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

125 

X/W 

Thermal Resistance, Junction to Ambient 

R6/JA 

438 

x/w 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 



HIGH VOLTAGE TRANSISTOR 

PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta == 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 2 mA, IB = 0) 

V(BR)CEO 

150 



Vdc 

Collector-Base Breakdown Voltage 
(Ic = 1 00 iiAdc, Ie = 0) 

V(BR)CBO 

150 



Vdc 

Emitter-Base Breakdown Voltage 
(lE = 100 (iAdc, Ic = 0) 

V{BR)EBO 

6 



Vdc 

Collector Cutoff Current 
(VcB = 100 V, lE = 0) 

ICBO 



10 

nA 

Collector-Emitter Cutoff Current 

(VcB = 100 V, IB = 0) Ta = 125X 

ICEO 



10 

fxA 


ON CHARACTERISTICS!!) 


DC Current Gain 
(Ic = 1 mA, VcE = 10 V) 

(Ic = 10 mA, VcE - 10 V) 

dC = 1 0 i^A, VcE = 1 0 V, Ta = - 55°C) 

hpE 

40 

40 

30 



Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ib = 1 mAdc) 

VCE(sat) 


0.15 

0.5 

Vdc 

Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ib = 1 mAdc) 

VBE(sat) 


0.7 

0.9 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain Bandwidth Product 
(Ic = 10 mAdc, VcE = 10 Vdc, f = 10 MHz) 

fT 

60 

110 

200 

MHz 

Output Capacitance 
(lE = 0, VcB = 20 Vdc, f = 1 MHz) 

Cobo 



3.5 

7 

PP 

Turn On Time 

(IBI = 10 mA, Ic = 50 mAdc, Vcc = 100 Vdc) 

Ion 



100 



ns 

Turn Off Time 

(IB2 = 10 mAdc, Ic = 50 mAdc, Vcc = 100 Vdc) 

toff 

— 

400 

— 

ns 


(1) Pulse Test: Pulse Width ^ 300 ^s, Duty Cycle 2%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


3-267 






t, time (ns) fT. CURRENT GAIN-BANDWIDTH PRDDUCT (MHz) 


BFW43 
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MAXIMUM RATINGS 


Rating 

Symbol 

BFX38 

BFX40 

Unit 

Collector-Emitter Voltage 

VCEO 

55 

75 

Vdc 

Collector-Base Voltage 

VCBO 

55 

75 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

'c 

1.0 

Adc 

Total Device Dissipation (® Ta = 25°C 

pd 

1.25 

Watt 

Derate above 25°C 


7.15 

mW/X 

Total Device Dissipation @ Tq = 25°C 

pd 

7.0 

Watts 

Derate above 25°C 


40 

mW/°C 

Operating and Storage Junction 

Tj. Tstg 

- 65 to -1- 200 

X 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

20 

X/W 

Thermal Resistance, Junction to Ambient 

RejA 

140 

x/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic I Symbol T Min P Max ] Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10mA)(1) 

BFX38 

BFX40 

V(BR)CEO 

55 

75 

- 

V 

Collector-Base Breakdown Voltage 


V(BR)CBO 



V 

dc = 10 aA) 

BFX38 


55 

— 



BFX40 


75 

— 


Emitter-Base Breakdown Voltage 


V{BR)EBO 

5.0 

— 

V 

m 

II 

o 

> 






Collector Cutoff Current 


ICBO 




(VcB = 40 V) 

BFX38 


— 

50 

nA 

(VcB = 50 V) 

BFX40 


— 

50 


(VcB = 40 V, Ta = 125X) 

BFX38 


— 

50 

/xA 

(VcB = 50 V, Ta = 125X) 

BFX40 


— 

50 



ON CHARACTERISTICS 


Collector-Emitter Saturation Voltage 
dc = 150 mA, Ib = 15 mA)(1) 

(Iq = 500 mA, Ib = 50 mA)(1) 

VCE(sat) 

- 

0.15 

0.5 

V 

DC Current Gain 


hFE 



_ 

dc = 100 aA, VcE = 5.0V)(1) 

BFX38/40 


60 

— 


dc = 100 mA, VcE = 5.0 V)(1) 

BFX38/40 


85 

— 


dc = 500 mA, VcE = 5.0 V)(1) 

BFX38/40 


60 

— 


dc = 1.0 A, VcE = 5.0V)(1) 

BFX38 


30 

— 



BFX40 


25 

— 


Emitter-Base Saturation Voltage 


VBE(sat) 



V 

dc = 150 mA, Ib = 15 mA)(1) 



— 

0.9 


dc = 500 mA, Ib = 50 mA)(1) 



— 

1.1 


DC Current Gain 


hFE 

30 

— 

— 

dc = 100 mA, VcE = 5.0 V, Ta = 125X)(1) 

BFX38/40 






(1) Pulsed: Pulse Duration = 300 /its, Duty Cycle = 1.0%. 
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BFX38, BFX40 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol { Min | Max | Unit 


SMALL SIGNAL CHARACTERISTICS 


Current Gain — Bandwidth Product 
(IC = 50 mA, VcE = 10 V, f = 100 MHz) 

fT 

100 


MHz 

Output Capacitance 
(VcB = 10 V) 

Cob 


20 

PF 

Input Capacitance 
(Veb = 0.5 V) 

Cib 


120 

pF 

Turn On Time 

(IC = 500 mA, Ibi = 50 mA) 

c 

o 


100 

ns 

Turn Off Time 

(Ic = 500 mA, Ibi = IB2 = 50 mA) 

toff 


350 

ns 

Fall Time 

(Ic = 500 mA, Ibi = IB2= 50 mA) 



50 

ns 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Collector-Base Voltage 

VCBO 

30 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

'c 

0.1 

Amp 

Total Device Dissipation @ Ta = 25°C 

pd 

0.36 

Watt 

Derate above 25°C 


2.06 

mW/°C 

Total Device Dissipation (5) Tq = 25°C 

pd 

1.2 

Watt 

Tc = lOOX 


0.686 


Derate above 25°C 


6.86 

rnW/X 

Operating and Storage Junction 

Tj- Tstg 

-65 to -1-200 

°c 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

146 

°C/W 

Thermal Resistance, Junction to Ambient 

R^ja 

486 

°C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | 

OFF CHARACTERISTICS 



Symbol | Min | Max | Unit ~\ 


Collector-Emitter Breakdown Voltage 
dC = 10 mA)(1) 

V(BR)CEO 

30 


V 

Collector-Base Breakdown Voltage 

V(BR)CBO 



V 

dC = 10 ^lA) 


30 



Emitter-Base Breakdown Voltage 

V(BR)EBO 



V 

dE = 10 ^A) 


5 



Collector Cutoff Current 

Ices 




(VCE = 20 V) 



1 5 

nA 

(VcE = 20 V, Ta = 125°C) 



15 

fiA 


ON CHARACTERISTICS 


DC Current Gain 
dC = 10 |iA, VcE = 1 V) 
dC = 100 [lA, VcE - 1 V) 

(IC = 10 mA, VcE = 1 V) 

(IC = 50 mA, VcE = 1 V) 

(IC = 1 0 mA, VcE = 1 V, Ta = - 55°C) 

hpE 

40 

70 

90 

20 

30 



Collector-Emitter Saturation Voltage 

VCE(sat) 



V 

(IC = 1 mA, Ib = 0.1 mA) 



0.13 


(IC = 10 mA, Ib = 1 mA) 



0.14 


(IC = 50 mA, Ib = 5 mA)(1) 



0.3 


Emitter-Base Saturation Voltage 

VBE(sat) 



V 

(IC = 1 mA, Ib = 0.1 mA) 



0.75 


(IC = 10 mA, Ib = 1 mA) 



0.9 


(IC = 50 mA, iB = 5 mA)(1) 



1.1 



SMALL SIGNAL CHARACTERISTICS 


Current Gain — Bandwidth Product 
(IC = 10 mA, VcE = 20 V, f = 100 MHz) 

fT 

400 


MHz 

Output Capacitance 
(VcB = 10 V) 

Oob 


3.5 

PF 

Input Capacitance 
(Veb = 0.5 V) 

Oib 


5.5 

pF 

Noise Figure 

(IC = 1 mA, VcE = 20 V, f = 100 MHz) 

NF 


6 

dB 

Turn On Time 
(Ic = 50 mA, Ibi = 5 mA) 

Ion 


50 

ns 

Turn Off Time 

(Ic = 50 mA, Ibi = IB2 = 5 mA) 

toff 


160 

ns 

Collector-Base Time Constant 
dC = 10 mA, VcE = 20 V, f = 80 MHz) 

rb'Cc 


40 

ps 


(1) Pulsed; Pulse Duration = 300 |is, Duty Cycle = 1%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

Vdc 

Collector-Base Voltage 

VCBO 

100 

Vdc 

Emitter-Base Voltage 

vebo 

6.0 

Vdc 

Collector Current - Continuous 

ic 

1.0 

Amp 

Total Device Dissipation @ Ta = 25°C 

pd 

0.8 

Watt 

Derate above 25°C 


4.57 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rhjc 

35 

°C/W 

Thermal Resistance, Junction to Ambient 

Rf^JA 

220 

°c/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 10 mAdc, Vbe = 0) 

V{BR)CE0 

60 


Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 



Vdc 

(Ic = 100 [lAdc, Ib = 0) 


100 



Collector Cutoff Current 

Icbo 




(VcB = 80 Vdc, Ie = 0) 



50 

nAdc 

(VCB = 80 Vdc, lE = 0, Tj = 100°C) 



2.5 

[lAdc 

(VcB = 100 Vdc, lE = 0) 



500 

nAdc 

(VcB = 100 Vdc, lE = 0, T| = 100°C) 



2.5 

[lAdc 

Emitter Cutoff Current 

iebo 




(Veb = 5 Vdc, Ic = 0) 1 



50 

nAdc 

(Veb = 5 Vdc, Ic = 0, Tj = 100°C) 



2.5 

lJ,Adc 

(Veb = 6 Vdc, Ic = 0) 



500 

nAdc 


ON CHARACTERISTICS 


DC Current Gam 
(IC = 10 mAdc, VcE = 1 0 Vdc) 
dC = 1 50 mAdc, VcE = 1 0 Vdc) 

(Ic = 500 mAdc, VcE =10 Vdc) 

(Ic = 1.0 Adc, VcE = 10 Vdc) 

hpE 

50 

70 

30 

15 



Collector-Emitter Saturation Voltage 

VCE(sat) 



Vdc 

(Ic = 10 mAdc, Ib = 10 mAdc) 



0.15 


(Ic = 1 50 mAdc, 1 b = 1 5 mAdc) 



0.35 


(IC = 500 mAdc, Ib = 50 mAdc) 



1.00 


(Ic = 1.0 Adc, Ib = 100 mAdc) 



1.60 


Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

(Ic = 10 mAdc, Ib = 1 .0 mAdc) 



1.2 


(Ic = 1 50 mAdc, Ib = 1 5 mAdc) 



1.3 


(Ic = 500 mAdc, Ib = 50 mAdc) 



1.5 


(Ic = 1 .0 Adc, fB = 100 mAdc) 



2.0 
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MAXIMUM RATINGS 


Refer to 2N3019 for graphs. 

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(IC = 10 mA) 

BFY50 

BFY51 

BFY52 

V(BR)CEO 

35 

30 

20 


V 

Collector-Base Breakdown Voltage 


V(BR)CBO 



V 

dc = 10 mA) 

BFY50 


80 




BFY51 


60 




BFY52 


40 



Emitter-Base Breakdown Voltage 


V(BR)EBO 



V 

(lE = 10 |iA) 



6 



Collector Cutoff Current 


ICBO 



nA 

(VcB = 60 V) 

BFY50 



50 


(VcB = 40 V) 

BFY51 





(VcB = 30 V) 

BFY52 





Collector Cutoff Current 


ICBO 



mA 

(VcB = 60 V, Tj = 100 °C) 

BFY50 



2.5 


(VcB = 40 V, Tj = 100°C) 

BFY51 





(VcB = 30 V, Tj = 100°C) 

BFY52 





Emitter Cutoff Current 


lEBO 




(Veb = 5 V) 




50 

nA 

(Veb = 5 V, Tj = 100°C) 


- 


2.8 

pA 


ON CHARACTERISTICS 


DC Current Gain 
(IC = 10 mA, VcE = 6 V) 

(IC = 150 mA, VcE = 6 V) 

dc = 1 A, VcE = 6 V) 

BFY50 

BFY51-52 

BFY50 

BFY51 

BFY52 

hFE 

20 

30 

30 

40 

60 

1 5 



Collector-Emitter Saturation Voltage 


VCE(sat) 



V 

(IC = 150 mA, Ib = 15 mA(1) 

BFY50 



0.2 



BFY51-52 



0.35 


(IC = 1 A, Ib = 100 mA(1) 

BFY50 



1 



BFY51-52 



1.6 


Emitter-Base Saturation Voltage 


VBE(sat) 



V 

(IC 1 A, Ib = 100 mA(1) 




2 



(1) Pulsed: Pulse Duration = 300 |j.s. Duty Cycle =1%. 


Rating 

Symbol 

BFY 

50 

BFY 

51 

BFY 

52 

Unit 

Collector-Emitter Voltage 

VCEO 

35 

30 

20 

Vdc 

Collector-Base Voltage 

VCBO 

80 

60 

40 

Vdc 

Emitter-Base Voltage 

vebo 

6 

Vdc 

Collector Current - Continuous 

ic 

1 

Adc 

Total Device Dissipation @Ta = 25°C 
Derate above 25°C 

pd 

0.8 

4.6 

Watt 

mW/°C 

Total Device Dissipation (^Tq ^ 25°C 
Derate above 25°C 

pd 

5 

28.6 

Watt 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^JC 

16.5 

°C/W 

Thermal Resistance, Junction to Ambient 

Pf^JA 

89.5 

°c/w 
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BFY50 thru BFY52 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit ~| 

SMALL SIGNAL CHARACTERISTICS 


Small Signal Current Gain 
(IC = 1 mA, VCE = 6 V, f = 1 kHz) BFY50 

BFY51-52 

hfe 

10 

30 



Output Capacitance 

Cob 



pF 

(VcB = 12 V, f = 500 kHz) 



12 


Current Gain Bandwidth Product 

fj 



MHz 

(IC = 50 mA, VcE = 6 V, f = 20 MHz) BFY50 


60 



BFY51-52 


50 
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BSS50 

thru 

BSS52 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 


Collector 3 


Emitter 1 


DARLINGTON 

TRANSISTORS 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit ~| 


OFF CHARACTERISTICS 


Collector-Cutoff Current 


ICBO 




nA 

(VcB = 45 V, lE = 0) 

BSS50 




50 


(VCB = 60 V, lE = 0) 

BSS51 




50 


(VcB = 80 V, lE = 0) 

BSS52 




50 


Emitter-Cutoff Current 


lEBO 




nA 

(Veb = 4 V, Ic = 0) 





50 


Collector-Emitter Breakdown Voltage 


V(BR)CEO 




V 

(IC = 10 mA, IB = 0) 

BSS50 

45 





BSS51 


60 





BSS52 


80 




Emitter-Base Breakdown Voltage 


V(BR)EBO 




V 

(IB = 100 ^A, Ic = 0) 


5 





ON CHARACTERISTICS 


DC Current Gain (1) 

(Ic = 1 50 mA, VcE = 1 0 V) 

(Ic = 500 mA, VcE = 1 0 V) 

hpE 

1500 

2000 




Base-Emitter Voltage(l) 


VBE(on) 




V 

(Ic = 150 mA, VcE = 1 0 V) 



1.4 


1.55 


(Ic = 500 mA, VcE = 1 0 V) 



1.5 


1.65 


Saturation Voltage(l) 






V 

(Ic = 500 mA, Ib = 0.5 mA) 


VCE(sat) 



1.3 


(Ic = 500 mA, Ib = 0.5 mA) 


VBE(sat) 



1.9 


(IC = 1 A, Ib = 1 mA) 

BSS51 

VCE(sat) 



1.6 


(Ic = 1 A, Ib = 1 mA) 

BSS51 

VBE(sat) 



2.2 


(Ic = 1 A, Ib = 4 mA) 

BSS50-52 

VcE(sat) 



1.6 


(IC = 1 A, Ib = 4 mA) 

BSS50-52 

VBE(sat) 



2.2 



DYNAMIC CHARACTERISTICS 


Current Gain Bandwidth Product 
(Ic = 500 mA, VcE = 5, f = 20 MHz) 

fT 


70 


MHz 

Output Capacitance 
(VcB = 10 V, lE = 0, f = 1 MHz) 

Cob 


1 1 

25 

pF 

Turn On Time (Ic = 500 mA, Ibi = “lB2 = 0-5 mA) 

Turn Off Time (Ic = 500 mA, Ibi = ~IB2 “ mA) 

ton 

toff 


400 

1500 


ns 


(1) Pulse Test: Pulse Width = 300 |iS, Duty Cycle = 2%, unless otherwise specified. 



MAXIMUM RATINGS 


Rating 

Symbol 

BSS 

50 

BSS 

51 

BSS 

52 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

60 

80 

Vdc 

Collector-Emitter Voltage 

VCER 

45 

60 

80 

Vdc 

Collector-Base Voltage 

VCBO 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

'C 

1.0 

Adc 

Total Device Dissipation @Ta = 25°C 
Derate above 25°C 

pd 

0.8 

5.3 

Watt 

mW/°C 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

pd 

5 

28.6 

Watt 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rf^jc 

35 

°C/W 

Thermal Resistance, Junction to Ambient 

Rf^JA 

220 

°c/w 
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BSS50 thru BSS52 


FIGURE 1 — CURRENT GAIN versus COLLECTOR CURRENT 



10*^ 10‘‘ 1 io 
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MAXIMUM RATINGS 


Rating 

Symbol 

BSS 

71 

BSS 

72 

BSS 

73 

Unit 

Collector-Emitter Voltage 

VCEO 

ro 

O 

o 

250 

CO 

o 

o 

Vdc 

Collector-Base Voltage 

VCBO 

to 

O 

o 

o 

to 

CM 

300 

Vdc 

Emitter-Base Voltage 

vebo 

6.0 

Vdc 

Collector Current - Continuous 

ic 

0.5 

Adc 

Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

pd 

0.5 

2.86 

Watt 

mW/°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

pd 

2.5 

14.3 

Watt 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rf^JC 

70 

°C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit ~| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dC = 10 mA, IB = 0) 

BSS71 

BSS72 

BSS73 

V{BR)CE0 

200 

250 

300 

~ 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 




Vdc 

(Ic = 100 uAdc, lE = 0) 

BSS71 


200 

— 

— 



BSS72 


250 

— 

— 



BSS73 


300 

— 

— 


Emitter-Base Breakdown Voltage 


V{BR)EB0 




Vdc 

dE = 100 uAdc, Ic = 0) 

BSS71 


6 

— 

— 



BSS72 


6 

— 

— 



BSS73 


6 

— 

— 


Collector Cutoff Current 


ICBO 




nA 

(VcB = 150 V, lE - 0) 

BSS71 


— 

— 

50 


(VCB = 200 V, lE = 0) 

BSS72 


— 

— 

50 


(VcB = 250 V. lE = 0 ) 

BSS73 


— 

— 

50 


Collector-Emitter Cutoff Current 


ICEO 




nA 

(VcE = 150 V, IB = 0 ) 

BSS71 


— 

— 

500 


(VCE = 200 V, IB = 0) 

BSS72 


— 

— 

500 


(VcE = 300 V, IB - 0 ) 

BSS73 


— 

— 

500 


Emitter-Cutoff Current 


lEBO 




nA 

(Vbe = 5 Vdc, Ic = 0) 

ALL 


— 

“ 

50 



ON CHARACTERISTICS!!) 


DC Current Gain 
(Ic = 0.1 mA, VcE = 1 V) 

(Ic = 1 mA, VcE = 1 0 V) 

(Ic = 10 mA, VcE = 10 V) 
dC = 30 mA, VcE = 10 V) 

(Ic = 100 mA, VcE = 10 V) 

BSS71 

ALL 

ALL 

ALL 

BSS73 

hpE 

20 

30 

50 

40 

40 

45 

120 

140 

35 

250 

— 

Collector-Emitter Saturation Voltage 


VCE(sat) 




Vdc 

(Ic = 10 mAdc, Ib = 1 mAdc) 

ALL 


— 

0.15 

0.3 


(Ic = 30 mAdc, Ib = 3 mAdc) 

ALL 


— 

0.25 

0.4 


(Ic = 50 mAdc, Ib = 5 mAdc) 

ALL 


— 

0.35 

0.5 


(Ic = 100 mAdc, Ib = 20 mAdc) 

BSS73 


— 

0.25 

— 


Base-Emitter Saturation Voltage 


VBE(sat) 




Vdc 

(Ic = 10 mAdc, Ib = 1 mAdc) 

ALL 


— 

0.7 

0.8 


(Ic = 30 mAdc, Ib = 3 mAdc) 

ALL 


— 

0.8 

0.9 


(Ic = 50 mAdc, Ib = 5 mAdc) 

ALL 


— 

0.85 

1 .0 


(Ic = 100 mAdc, Ib = 10 mAdc) 

BSS73 


— 

0.9 

— 



(1) Pulse Test: Pulse Width 300 )u.s. Duty Cycle 2.0%. 
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BSS71 thru BSS73 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

I Characteristic I Symbol I Min 


DYNAMIC CHARACTERISTICS 

Current Gain Bandwidth Product 
(IC = 20 mAdc, VcE = 20 Vdc, f = 20 MHz) 


Output Capacitance Cob 

(lE = 0. VCB = 20 Vdc, f = 1 MHz) ^ 

Input Capacitance 
(IC = 0. VeB = 0.5 Vdc. f = 1 MHz) 


Turn On Time 

(IBI = 10 mA, Ic = 50 mAdc, Vcc = 100 Vdc) 


Max Unit 
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BSS71 thru BSS73 


FIGURE 5 - "ON" VOLTAGES 


FIGURE 6 - TEMPERATURE COEFFICIENTS 




I VCE(sat) 'C/lB = 


2.0 3,0 5.0 10 20 30 50 100 

IC, COLLECTOR CURRENT (mA) 



2.0 3.0 5.0 7,0 10 20 30 

IC, COLLECTOR CURRENT (mA) 


FIGURE 7 - TURN ON TIME 


FIGURE 8 - TURN-OFF TIME 


: vcE(off) = 100 V : 
- Ic^Ib "" 5.0 - 

-Tj =25°C • 



:VcE(off) = 100 V: 

- 1c/Ib = 5.0 ■ 

' 'B1 = IB2 

'Tj =25°C ■ 


2.0 5.0 10 20 50 100 

IC, COLLECTOR CURRENT (mA) 


IC, COLLECTOR CURRENT (mA) 


FIGURE 9 - SWITCHING TIME TEST CIRCUIT 


Duty Cycle < 1% 
tp tf < 5 ns 


Vbb Vcc = lOOV 

Vou, 

1 kfl ■ , — A Sampling 

0-1 1 kft ' ' 20 kn T Scope 

•HI j -k) f 5 on 

50 ai 1 N 914 V I T 
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Rating 

Symbol 

BSS 

74 

BSS 

75 

BSS 

76 

Unit 

Collector-Ennitter Voltage 

VCEO 

200 

250 

300 

Vdc 

Collector-Base Voltage 

VCBO 

200 

o 

in 

CM 

o 

o 

CO 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

ic 

0.5 

Adc 

Total Device Dissipation @Ta = 25°C 
Derate above 25°C 

pd 

0.5 

2.86 

Watt 

mW/°C 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

pd 

2.5 

14.3 

Watt 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj- Tstg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rf^JC 

70 

°C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 10 mA, Ib = 0) 

BSS74 

BSS75 

BSS76 

V(BR)CE0 

200 

250 

300 


- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CB0 




Vdc 

(Ic = 100 liAdc, lE = 0) 

BSS74 


200 

— 

— 



BSS75 


250 

— 

— 



BSS76 


300 

— 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 




Vdc 

(IE = 100 |iAdc, Ic = 0) 

BSS74 


6 

— 

— 



BSS75 


6 

— 

— 



BSS76 


6 

~ 

— 


Collector Cutoff Current 


ICBO 




nA 

(VcB = 150 V, lE = 0) 

BSS74 


— 

— 

50 


(VcB = 200 V, lE = 0) 

BSS75 


— 

— 

50 


(VcB = 250 V, lE = 0) 

BSS76 


— 

— 

50 


Collector-Emitter Cutoff Current 






nA 

(VcE = 150 V, IB = 0) 

BSS74 


— 

— 

500 


(VcE - 200 V, IB = 0) 

BSS75 


— 

— 

500 


(VcE = 300 V, Ib = 0) 

BSS76 


— 

— 

500 


Emitter-Cutoff Current 







(Vbe = 5 Vdc, Ic = 0) 

ALL 


— 

— 




ON CHARACTERISTICS!!) 


DC Current Gain 
(IC = 0.1 mA, VcE = 1 V) 
dC = 1 mA, VcE = 10 V) 

(Ic = 10 mA, VcE = 10 V) 

(Ic = 30 mA, VcE = 10 V) 

(Ic = 100 mA, VcE = 10 V) 

BSS74 

ALL 

ALL 

ALL 

BSS76 



40 

45 

50 

55 

40 

150 

— 

Collector-Emitter Saturation Voltage 


VCE(sat) 




Vdc 

(Ic = 10 mAdc, Ib = 1 mAdc) 

ALL 


— 

0.15 

0.3 


(Ic = 30 mAdc, Ib = 3 mAdc) 

ALL 


— 

0.25 

0.4 


OC = 50 mAdc, Ib = 5 mAdc) 

ALL 


— 

0.35 

0.5 


(Ic = 100 mAdc, Ib = 20 mAdc) 

BSS76 


— 

0.40 

— 


Base-Emitter Saturation Voltage 


VBE(sat) 




Vdc 

(Ic = 10 mAdc, Ib = 1 mAdc) 

ALL 


— 

0.7 

0.8 


(Ic = 30 mAdc, Ib = 3 mAdc) 

ALL 


— 

0.8 

0.9 


(Ic = 50 mAdc, Ib = 5 mAdc) 

ALL 


— 

0.85 

1.0 


(Ic = 100 mAdc, Ib = 10 mAdc) 

BSS76 


— 

0.9 

— 



(1) Pulse Test; Pulse Width ^ 300 ixs, Duty Cycle ^ 2.0%. 
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BSS74 thru BSS76 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25'^C unless otherwise noted.) 

Characteristic } Symbol | Min | Typ | Max | Unit | 


DYNAMIC CHARACTERISTICS 


Current Gain Bandwidth product 
(IC = 20 mAdc, VcE = 20 Vdc, f = 20 MHz) 

ft 

50 

110 

200 

MHz 

Output Capacitance 
dE = 0. VCB = 20 Vdc, f = 1 MHz) 

Oob 



3.5 



PF 

Input Capacitance 
dC = 0, Veb = 0.5 Vdc. f = 1 MHz) 

Cib 



45 



pF 

Turn On Time 

(iBl = 10 mA, Ic = 50 mAdc, Vcc = 100 Vdc) 

ton 



100 



ns 

Turn Off Time 

(lB2 = 10 mAdc, Ic = 50 mAdc, Vcc = 100 Vdc) 

toff 

— 

400 

— ' 

ns 


FIGURE 1 - DC CURRENT GAIN 




1 qI 1- i i.l i U J \ 1 11,1 Ji ll ^ 1 1 1 M m 1 

0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 

Vr, reverse voltage (VOLTS) 


FIGURE 3 - "ON" VOLTAGES 




IC, COLLECTOR CURRENT (mA) 
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t, TIME (ns) fT, CURRENT-GAIN-BANDWIOTH PRODUCT (MHz) 


BSS74 thru BSS76 


FIGURE 5 - CURRENT-GAIN-BANDWIDTH PRODUCT 



FIGURE 6 - TURN-ON TIME 




1.0 2.0 5.0 10 20 50 100 

IC, COLLECTOR CURRENT (mA) 


FIGURE 8 - SWITCHING TIME TEST CIRCUIT 



FIGURE 9 - ACTIVE REGION SAFE 
OPERATING AREA 
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MAXIMUM RATINGS 


Rating 

Synnboi 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

250 

Vdc 

Collector-Base Voltage 

VCBO 

250 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

Vdc 

Collector Current — Continuous 

ic 

1.0 

Adc 

Total Device Dissipation @ Ta = 25°C 

pd 

0.8 

Watt 

Derate above 25°C 


4.57 

mW/X 

Total Device Dissipation @ Tq = 25°C 

Pd 

5.0 

Watts 

Derate above 25°C 


28.6 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj/ Tstg 

-65 to +200 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

35 

X/W 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dc = 10 mA, Ib = 0) 

V(BR)CEO 

250 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

250 

— 

— 

Vdc 

dc = 100 AAdc, Ie = 0) 






Emitter-Base Breakdown Voltage 

V(BR)EBO 

6.0 

— 

— 

Vdc 

(Ie = 100 AAdc, Ic = 0) 






Collector Cutoff Current 

'CBO 

— 

— 

50 

nA 

(VcB = 200 V, Ie = 0) 






Collector-Emitter Cutoff Current 

'CEO 

— 

_ 

500 

nA 

(VcE = 200 V, Ib = 0) 






Emitter-Base Cutoff Current 

iebo 

— 

— 

50 

nA 

(Vbe = 5-0 Vdc, Ic = 0) 






ON CHARACTERISTICS! 1) 

DC Current Gain 

hpE 




— 

dc = 0.1 mA, VcE = 10 V) 


20 

40 

— 


dc = 1.0 mA, VcE = 10 V) 


30 

45 

— 


dc = 10 mA, VcE = 10 V) 


50 

120 

— 


dc = 30 mA, VcE = 10 V) 


40 

140 

250 


dc = 100 mA, VcE = 10 V) 


— 

35 

— 


Collector-Emitter Saturation Voltage 

VCE(sat) 




Vdc 

dc = 10 mAdc, Ib = 1.0 mAdc) 


— 

0.15 

0.3 


(Ic = 30 mAdc, Ib = 3.0 mAdc) 


— 

0.25 

0.4 


(Ic = 50 mAdc, Ib = 5.0 mAdc) 


— 

0.35 

0.5 


dc = 100 mAdc, Ib = 20 mAdc) 


— 

0.25 

— 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dc = 10 mAdc, Ib = 1.0 mAdc) 


— 

0.7 

0.8 


(Ic = 30 mAdc, Ib = 3.0 mAdc) 


— 

0.8 

0.9 


(Ic = 50 mAdc, Ib = 5.0 mAdc) 


— 

0.85 

1.0 


dc = 100 mAdc, Ib = 10 mAdc) 


— 

0.9 

— 



(1) Pulse Test: Pulse Width « 300 ixs, Duty Cycle « 2.0%. 
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BSS78 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit ~~| 


DYNAMIC CHARACTERISTICS 


Current Gain Bandwidth Product 
dC = 20 mAdc, VcE = 20 Vdc, f = 20 MHz) 

ft 

50 

70 

200 

MHz 

Output Capacitance 
(lE = 0- VcB = 20 Vdc, f = 1 MHz) 

Cob 



3.5 



PF 

Input Capacitance 
dC = 0. Veb = 0-5 Vdc, f = 1 MHz) 

Cib 



45 



PF 

Turn On Time 

(Ibi = 10 mA, Ic = 50 mAdc, Vqc = 100 Vdc) 

fon 



100 



ns 

Turn Off Time 

(IB2 = 10 mAdc, Ic = 50 mAdc, Vcc 100 Vdc) 

foff 

— 

400 

— 

ns 
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MAXIMUM RATINGS 


Rating 

Symbol 

BSV 

15 

BSV 

16 

BSV 

17 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

60 

80 

Vdc 

Collector-Emitter Voltage 

VCES 

40 

60 

90 

Vdc 

Collector-Base Voltage 

VCBO 

40 

60 

90 

Vdc 


BSV15-10, -16 
thru 

BSV17-10, -16 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 


Emitter-Base Voltage 

Collector Current - Continuous 

Total Device Dissipation @Ta = 25°C 
Derate above 25°C 

Total Device Dissipation @Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 



Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R/^JC 

20 

°C/W 

Thermal Resistance, Junction to Ambient 

R6»JA 

140 

°c/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 

OFF CHARACTERISTICS 

Collector Cutoff Current 
(VcE = 40 V) 

(VcE = 40 V, Ta = 1 50°C) BSV15 Series 

(VcE = 60 V) 

(VcE = 60 V, Ta = 1 50°C) BSV16 Series 

(VcE = 80 V) 

(VcE = 80 V, Ta = 1 50°C) BSV17 Series 

(VcE = 40 V, Vbe = -0.2 V, Ta = 100°C) BSV15 Series 

(VcE = 60 V, Vbe = -0.2 V, Ta = 100°C} BSVie Series 

(VCE = 80 V, Vbe ^ -0 2 v, Ta = 100°C) BSVI? Series 

Emitter Cutoff Current 

(VEB = 4 V) 

Collector-Emitter Breakdown Voltage 
(IC = 50 mA(1) BSV15 Series 


Collector-Emitter Breakdown Voltage 
(IC = 10 laA) 

Emitter-Base Breakdown Voltage 

(lE = ^0^A) 

Emitter Cutoff Current 
(VEB = 4 V) 

ON CHARACTERISTICS 

DC Current Gain 


BSVI 5 Series 
BSVI 6 Series 
BSVI 7 Series 
BSVI 5 Series 
BSVI 6 Series 
BSVI 7 Series 


(VcE = 

1 V, Ic = 

0.1 mA) 

BSV15.16 

BSV15,16 

- 10 
- 16 

(VCE = 

1 V, Ic = 

100 mA)(1) 

BSV15,16 

BSV15,16 

- 10 
- 16 

(VCE = 

1 V, Ic = 

500 mA)(1) 

BSV15,16 

BSV15,16 

- 10 
- 16 


Base-Emitter Voltage 
(VcE = 1 V, Ic = 100 mA)(1) 

(VCE = 1 V, IC = 500 mA)(1) 

(1) Pulsed: Pulse Duration = 300 |i,s, Duty Cycle = 


AMPLIFIER TRANSISTORS 

PNP SILICON 

Refer to 2N4405 for graphs. 


Symbol { Min | Max I Ui 


lEBO 

V{BR)CE0 


V{BR)CES 40 


V(BR)EB0 

lEBO 
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MAXIMUM RATINGS 


Rating 

Symbol 

BSW67A 

BSW68A 

Unit 

Collector-Emitter Voltage 

VCEO 

120 

150 

Vdc 

Collector-Base Voltage 

VCBO 

120 

150 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

Vdc 

Collector Current — Continuous 

ic 

2.0 

Amp 

Total Device Dissipation @ Ta = 25°C 

pd 

0.8 

Watt 

Derate above 25°C 


4.57 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

pd 

5.0 

Watts 

Derate above 25°C 


28.6 

mwrc 

Operating and Storage Junction 

Tj» Tgtg 

-65 to -t-200 

X 

Temperature Range 





Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

35 

X/W 

Thermal Resistance, Junction to Ambient 

R^ja 

220 

x/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic ] Symbol I Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
dc = 10 mAdc, Ib = 0) 

BSW67A 

BSW68A 

V(BR)CEO 

120 

150 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dC = 100 AAdc) 

BSW67A 


120 

— 



BSW68A 


150 

— 


Collector-Base Cutoff Current 


'CBO 



nAdc 

(VcB = 60 V, lE = 0) 

BSW67A 


— 

100 


(VcB = 75 V, Ie = 0) 

BSW68A 


— 

100 


(VcB = 60 V, Ie = 0, Tj = 150X) 

BSW67A 


— 

100 

IxAdc 

(VcB = 75 V, Ie = 0, Tj = 150X) 

BSW68A 


— 

100 


Emitter-Base Cutoff Current 


iebo 




(Veb = 3.0 V, Ic = 0) 



— 

100 

nAdc 

(Veb = 6.0 V, Ic = 0) 



— 

100 

)u,Adc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 10 mA, VcE = 5.0 V) 
dC = 100 mA, VcE = 5.0 V) 
dC = 500 mA, VcE = 5.0 V) 
dC = 1.0 A, VcE = 5.0 V) 

hFE 

30 

40 

30 

15 

- 


Collector-Emitter Saturation Voltage 

VCE(sat) 



Vdc 

(Ic = 100 mA, Ib = 10 mA) 


— 

0.15 


dC = 500 mA, Ib = 50 mA) 


— 

0.4 


dC = 1.0 A, Ib = 150 mA) 


— 

1.0 


Emitter-Base Saturation Voltage 

VBE{sat) 



Vdc 

(Ic = 100 mA, Ib = 10 mA) 


— 

0.9 


(Ic = 500 mA, Ib = 50 mA) 


— 

1.1 


dC = 1.0 A, Ib = 150 mA) 


— 

1.4 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 100 mA, VcE = 20 V, f = 35 MHz) 

fT 

50 

— 

MHz 

Output Capacitance 
(VcB = 10 V, Ie = 0, f = 1.0 MHz) 

Cobo 

— 

20 

PF 

Input Capacitance 
(Veb = 0, Ic = 0, f = 1.0 mhz) 

o 

.Q 

6 

— 

300 

PF 
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BSX20 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

Vdc 

Collector-Emitter Voltage 

VCER 

20 

Vdc 

(RBE = 10 Ohms) 




Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

vebo 

4.5 

Vdc 

Collector Current - Continuous 

ic 

500 

mAmp 

Total Device Dissipation @Ta = 25°C 

pd 

360 

mWatt 

Derate above 25°C 


2.06 

mW/°C 

Total Device Dissipation @Tc = 25°C 

Pd 

1.2 

Watt 

Tc = 100°C 




Derate above 25°C 


6.85 

mW/°C 

Operating and Storage Junction 

Tj- Tstg 

-65 to +200 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rfyjc 

146 

°C/W 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 



TRANSISTOR 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Max | Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 

V(BR)CE0 



Vdc 

(Ic = 10 mAdc, Ib = 0) 

15 



(Ic = 10 mAdc, Rbe = 10 

V(BR)CER 

20 



Emitter-Base Breakdown Voltage 

V(BR)EB0 



Vdc 

(lE = 10 (lAdc, Ic = 0) 

4.5 



Collector Cutoff Current 

ICBO 




(VcB = 20 Vdc, lE = 0) 



400 

nAdc 

(VcB = 20 Vdc, lE = 0, T| = 150°C) 



30 

[lAdc 

Collector Cutoff Current 

Ices 



(lAdc 

(VcE = 1 5 Vdc, Vbe = 0, Tj = 55°C) 



0.4 


(VcE = 40 Vdc, Vbe = 0) 



1.0 


Cutoff Current 




[iAdc 

(VcE = 1 5 Vdc, Vbe = - 3 V, Tj = 55°C) 

ICEX 


0.6 


Ibex 


0.6 



ON CHARACTERISTICS 


DC Current Gain 
(Ic = 10 mAdc, VcE = 1 Vdc) 

(Ic = 10 mAdc, VcE = 1 Vdc, Tj = - 55°C) 

(IC = 100 mAdc, VcE = 2 Vdc) 

hPE 

40 

20 

10 

1 20 


Base-Emitter On Voltage 

VBE(on) 



Vdc 

(Ic = 30 liAdc, VcE = 20 Vdc, T, = 1 00°C) 



0.35 


Emitter-Collector Saturation Voltage 

VCE(sat) 



Vdc 

(Ic = 10 mAdc, Ib = 0.3 mAdc) 



0.3 


(Ic = 10 mAdc, Ib = 1 mAdc) 



0.25 


(Ic = 100 mAdc, Ib = 10 mAdc) 



0.60 


Emitter-Base Saturation Voltage 

VBE(sat) 



Vdc 

(Ic = 10 mAdc, Ib = 1 mAdc) 


0.7 

0.85 


(IC =100 mAdc, Ib = 10 mAdc) 



1 .50 
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BSX20 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit ~| 

SMALL SIGNAL CHARACTERISTICS 


Current Gain Bandwidth Product 
(IC = 10 mA, VcE = 1 0 V) 

fT 

500 


MHz 

Output Capacitance 

Cobo 



pF 

(VCB = 5 V, lE = 0, f = 1 MHz) 



4 


Input Capacitance 

Oibo 



PF 

(Veb = 1 V, Ic = 0 , f = 1 MHz) 



4.5 


Time 

fs 



ns 

(Ic = 10 mA, Ibi = lB2 = 10 mA) 



13 


Turn-On Time 

fon 



ns 

(Ic = 10 mA, Ibi = 3 mA) 



12 


(Ic = 100 mA, Ibi = 40 mA) 



7 


Turn-Off Time 

toff 



ns 

(IC = 10 mA, Ibi = 3 mA, Ib 2 == “ 1-5 rnA) 



18 


(Ic = 1 00 mA, Ibi =40 mA, Ib 2 = - 20 mA) 



21 
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BSX29 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

12 

Vdc 

Collector-Base Voltage 

VCBO 

12 

Vdc 

Emitter-Base Voltage 

vebo 

5 

Vdc 

Collector Current - Continuous 

ic 

200 

Amp 

Total Device Dissipation @ Ta = 25°C 

pd 

.36 

Watt 

Derate above 25°C 

2.06 


mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.2 

Watt 

Tc = 100°C 


0.686 


Derate above 25°C 


6.86 

mwrc 

Operating and Storage Junction 

Tj, Tstg 

-65 to +200 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^^JC 

146 

°C/W 

Thermal Resistance, Junction to Ambient 

R^^ja 

486 

°c/w 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 



SWITCHING TRANSISTOR 

PNP SILICON 


Refer to 2N869A for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 10 mA)(1) 

V(BR)CEO 

12 


V 

Collector-Emitter Breakdown Voltage 

V(BR)CES 



V 

dC = 10 ^A) 


12 



Collector-Base Breakdown Voltage 

V(BR)CB0 



V 

dC = 10[aA) 


12 



Emitter-Base Breakdown Voltage 

V(BR)EB0 



V 

(lE = 100 [aA) 


4 



Collector Cutoff Current 

Ices 




(VcE = 6 V, Vbe = 0) 



80 

nA 

(VCE = 6 V, Vbe = 0, Ta = 85°C) 



5 

laA 


ON CHARACTERISTICS 


Collector-Emitter Saturation Voltage 
(Ic = 10 mA, Ib = 1 mA) 

(Ic = 30 mA, Ib = 3 mA) 

(IC = 100 mA, Ib = 10 mA) 

VCE(sat) 


0.15 

0.2 

0.5 

V 

Emitter-Base Saturation Voltage 

VBE(sat) 



V 

(Ic = 10 mA, Ib = 1 rnA) 


0.78 

0.98 


(Ic = 30 mA, Ib = 3 mA) 


0.85 

1.2 


(Ic = 100 mA, Ib = 10 mA) 



1.7 


DC Current Gam 

hPE 




dC = 10 mA, VcE = 0.3 V)(1) 


25 



(Ic = 30 mA, VcE = 0.5 V)(1) 


30 

120 


dC = 100 mA, VcE = 1 V)(1) 


20 



Collector-Emitter Saturation Voltage 

VCE(sat) 



V 

(Ic = 30 mA, Ib = 3 mA, Ta = 85°C) 



0.4 



SMALL SIGNAL CHARACTERISTICS 


Small Signal Current Gain 
(Ic = 30 mA, VcE = 10 V, f = 100 MHz) 

hfe 

4 



Output Capacitance 
(VcB = 5 V) 

Cob 


6 

PF 

Input Capacitance 
(Veb = 0.5 V) 

Cib 


6 

pF 

Turn On Time 
(Ic = 30 mA, lB1 = 

1.5 mA) 

ton 


60 

ns 

Turn Off Time 
(Ic = 30 mA, Ibi = 

IB2 = 1 -5 mA) 

toff 

1 

90 

ns 


* Pulsed; Pulse Duration = 300 [as, Duty Cycle = 1%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

65 

Vdc 

Emitter-Base Voltage 

vebo 

6 

Vdc 

Collector Current - Continuous 

•c 

1 

Adc 

Total Device Dissipation @Ta = 25°C 

pd 

0.8 

Watt 

Derate above 25°C 


4.6 

mW/°C 

Total Device Dissipation @Tc == 25°C 

pd 

3.5 

Watt 

Derate above 25°C 


2.0 

mwrc 

Operating and Storage Junction 

Tj, Tstg 

-65 to -1-200 

°C 

Temperature Range 




BSX32 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 



2^1 


SWITCHING TRANSISTOR 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Refer to 2N3725 for graphs. 


Characteristic | 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
dC = 10 mA, IB = 0)(1) 

V(BR)CE0 

40 


V 

Collector-Base Breakdown Voltage 

V(BR)CB0 



V 

(IC = 100 |iA, lE = 0) 


65 



Emitter-Base Breakdown Voltage 

V(BR)EB0 



V 

(lE = 100 laA, Ic = 0) 


6 



Collector Cutoff Current (Vqb = 50 V, Ie = 0) 

ICBO 


4 

^A 

ON CHARACTERISTICS 

DC Current Gain 

hpE 




(VcE = 1 V, Ic = 10 mA)(1) 


30 



(VcE = 1 V, Ic 100 mA)(1) 


60 

150 


(VcE = 1 V, Ic = 500 mA)(1) 


25 



(VcE = 5 V, Ic = 1 A){ 1 ) 


20 



(VcE = 1 V, Ic = 100 mA, Ta = -55°C)(1) 


30 



(VcE = 1 V, Ic = 500 mA){1) 


15 



Collector-Emitter Saturation Voltage 

VCE(sat) 



V 

dC = 100 mA, IB = 10 mA)(1) 



0.25 


(Ic = 500 mA, Ib = 50 mA)(1) 



0.5 


(Ic = 1 A, Ib = 100 mA)(1) 



0.85 


Base-Emitter Saturation Voltage 

VBE(sat) 



V 

(Ic = 100 mA, Ib = 10 mA)(1) 



0.9 


(Ic = 500 mA, Ib = 50 mA((1) 



1.5 


(IC = 1 A, Ib = 100 mA)(1) 



2 



SMALL SIGNAL CHARACTERISTICS 


Small Signal Current Gain 
dC = 50 mA, VcE = 1 0 V, f = 1 00 MHz) 

hfe 

3 



Output Capacitance 
(VcB = 10 V) 

Cob 


10 

PF 

Input Capacitance 
(Veb = 0.5 V) 

Cib 


60 

PF 

Turn On Time 

(Ic = 500 mA, Ibi = 50 mA) 

Ion 


60 

ns 

Turn Off Time 

(Ic = 500 mA, Ibi = IB2 = 50 mA) 

toff 


60 

ns 


• Pulsed: Pulse Duration = 300 |is. Duty Cycle = 1%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 






MAXIMUM RATINGS 


Rating 

Symbol 

BSX 

45 

BSX 

46 

BSX 

47 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

60 

80 

Vdc 

Collector-Emitter Voltage 

VCES 

80 

100 

120 

Vdc 

Emitter-Base Voltage 

vebo 

7 

Vdc 

Collector Current - Continuous 

ic 

1 

Adc 

Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

pd 

1 

5.71 

Watt 

mW/°C 

Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

pd 

5 

28.6 

Watt 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^yJC 

35 

°C/W 

Thermal Resistance, Junction to Ambient 

R«JA 

200 

°c/w 


BSX45-6, -10, -16 
thru 

BSX47-6, -10, -16 


CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 



AMPLIFIER TRANSISTORS 

NPN SILICON 


Refer to 2N3019 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max [ Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

(Ic = 30 mAdc, IB = 0) BSX45 Series 

BSX46 Series 

BSX47 Series 

V(BR)CE0 

40 

60 

80 


Vdc 

Collector-Emitter Breakdown Voltage 

V(BR)CES 



Vdc 

(Ic = 100 jiAdc, Vbe = 0) BSX45 Series 


80 



BSX46 Series 


100 



BSX47 Series 


120 



Emitter-Base Breakdown Voltage 

V(BR)EB0 



Vdc 

(IE = 1 00 |a,Adc, Ic = 0) 


7 



Emitter Cutoff Current 

Iebo 



nAdc 

(Vbe = 5.0 Vdc, Ic = 0) 



10 


Collector Cutoff Current 

Ices 




(VCE = 60 V, Vbe = O) BSX45,46 Series 



10 

nAdc 

(VCE = 80 V, Vbe O) BSX47 Series 



10 


(VcE = 60 V, Vbe = O, Tc = 1 50°C) BSX45,46 Series 



10 

[lAdc 

(VcE = 80 V, Vbe = O, Tc = 1 50°C) BSX47 Series 



10 



ON CHARACTERISTICS 


DC Current Gain 
(Ic = 0.1 mAdc, VcE = 1 0 Vdc) 

-16 

(Ic = 100 mAdc, VcE = 10 Vdc)(1) -6 

-10 

-16 

(Ic = 500 mAdc, VcE = 10 Vdc)(1) -6 

-10 

-16 

hPE 

10 

1 5 

25 

40 

63 

100 

15 

25 

35 

100 

1 60 
250 


Base-Emitter On Voltage 

VBE(on) 



Vdc 

(Ic = 1 00 mAdc, VcE = 1 0 Vdc) 



1 


(Ic = 500 mAdc, VcE = 1 0 Vdc) 


0.75 

1.5 


dC = 1 A, VcE = 10 Vdc) 



2 


Collector-Emitter Saturation Voltage 

VEC(sat) 



Vdc 

(Ic = 1 Adc, Ib = 100 mAdc) 



1 



SMALL SIGNAL CHARACTERISTICS 


Transition Frequency 

(Ic = 50 mAdc, VcE = 1 0 Vdc, f = 20 MHz) 

fT 

50 


MHz 

Emitter-Base Capacitance 
(Vbe = 0.5 V, f = 1 MHz) 

Cib 


80 

PF 


(1) Pulsed; Pulse Duration = 300 ^s, Duty Cycle = 1%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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BSX45-6, -10, -16 thru BSX47-6, -10, -16 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 



MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 


Rating 

Symbol 

BSX 

59 

BSX 

60 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

30 

Vdc 

Collector-Emitter Voltage 

VCES 

60 

60 

Vdc 

Collector-Base Voltage 

VCBO 

70 

70 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current - Continuous 

ic 



Adc 

Total Device Dissipation @Ta = 25°C 

pd 

0.8 

Watt 

Derate above 25°C 


4.57 

mW/°C 

Total Device Dissipation @Tc = 25°C 

pd 

3.5 

Watt 

Derate above 25°C 


20 

m\N/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-65 to +200 

°C 


BSX59 

BSX60 


CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 





1 Emitter 


SWITCHING TRANSISTORS 

NPN SILICON 

Refer to 2N3725 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 10 mAdc, IB = 0) [BSX59] 

[BSX60] 

V(BR)CEO 

45 

30 


V 

Collector-Base Breakdown Voltage 

V{BR)CB0 



V 

dC = 10 ^lA, lE = 0) 


70 



Collector Cutoff Current 

ICBO 




(VCB = 40 V, lE = 0) 



500 

nA 

(VcB = 40 V, lE = 0, Tj = 150°C) 



300 


Emitter Cutoff Current 

lEBO 




(Veb = 4.0 V, Ic = 0) 



300 

nA 

(Veb = 4.0 V, lE = 0, Tj = 150°C) 



50 


Collector Cutoff Current 

ICEX 




(VcE = 40 V, -Vbe = 4.0 V) 



500 

nA 

(VCE = 40 V, - Vbe ^ 4.0 V, Tj = 150°C) 



300 


Emitter Cutoff Current 

Ibex 




(VcE = 40 V, - Vbe = 4.0 V) 



500 

nA 

(VcE = 40 V, -Vbe = 4.0 V, Tj = 150°C) 



300 

^A 


ON CHARACTERISTICS 


Collector-Emitter Saturation Voltage 
(IC =. 150 mA, IB = 15 mA) 

(Ic = 500 mA, 1 b = 50 mA) 

(Ic = 1 .0 A. Ib = 100 mA) 

VCE(sat) 


0.3 

0.5 

1.0 

V 

Base-Emitter Saturation Voltage 


VBE(sat) 



V 

(Ic = 150 mA, iB = 15 mA) 




1.0 


(Ic = 500 mA, Ib = 50 mA) 

[BSX59] 



1.2 



[BSX60] 



1.3 


dC = 1.0 A, Ib = 100 mA) 




1.8 


DC Current Gam 


hPE 




dC = 150 mA, VcE = 10 V) 



30 



(Ic = 500 mA, VcE = 10 V) 

[BSX59] 


25 




[BSX60] 


30 

90 


(Ic = 1.0 A, VcE = 5.0 V) 

[BSX59] 


20 




[BSX60] 


25 




SMALL SIGNAL CHARACTERISTICS 


Small Signal Current Gam 
(Ic = 50 mA, VcE = 1 0 V, f = 1 00 MHz) 

Ihfel 

2.5 



Input Capacitance 

(-Vbe = 0.5 V, Ic = 0, f = i .0 mhz) 

Cib 


60 

PF 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 




BSX59, BSX60 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic Symbol 

Output Capacitance Cob 

(VcB = 10 V, lE = 0. f = 1.0 MHz) 


Turn On Time (See Figure 1) ton 

(IC = 500 mA, iB = 50 mA. -Vbe = 2.0 V) 

(VcC = 50V) [BSX59] 

(VCC = 30 V) [BSX60] 

Turn Off Time (See Figure 1) Toff 

(IC = 500 mA, 1 bi = lB2 = 50 mA) 

(Vcc = 50 V) [BSX59] 

(Vcc = 30 V) [BSX60] 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 



1 ^BOOns I 


Pulse Generator 
Output Impedance = 50n 


1 A BAY38 
400 n« loffA 0^0'^ 


-Vb -3V 




BSX59 

BSX61 

BSX60 


Measure- 

Vcc 

50 

30 

V 

ment 

RC 

100 

60 

Q 

ton 

-Vb 

4.0 

V 

Vjn 

24.75 

V 

toff 

-Vb 

Vin 

16.7 

37.5 

V 

V 



I 

^onl"*“ — 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

65 

Vdc 

Collector-Base Voltage 

VCBO 

65 

Vdc 

Emitter-Base Voltage 

vebo 

5 

Vdc 

Collector Current - Continuous 

Ic 

0.6 

Adc 

Total Device Dissipation @Ta = 25°C 

Pd 

0.5 

Watt 

Derate above 25°C 


3.33 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-55 to +175 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^JC 

35 

°C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(Ic = 10 mA, Ib = 0) 

VCEO(sus) 

65 


Vdc 

Collector Cutoff Current 

ICBO 




(VCB = 50 V, lE = 0) 



75 

nA 

(VCB = 50 V, lE = 0, Ta = 100°C) 



1 

(lA 

Emitter Cutoff Current 

lEBO 




(Veb = 3 V, Ic = 0) 



100 

nA 

'(Veb = 5 V, Ic - 0) 



10 

[lA 


ON CHARACTERISTICS 


Collector-Emitter Saturation Voltage(l) 

(Ic = 1 50 mA, Ib = 1 5 mA) 

VCE(sat) 


0.4 

Vdc 

Base-Emitter Saturation Voltage(l) 

VBE(sat) 



Vdc 

(Ic = 1 50 mA, Ib = 1 5 mA) 



1.3 


(Ic = 30 mA, Ib = 1 mA) 



0.9 


DC Current Gain 

hpE 




(Ic = 1 mA, VcE = 0.4 V) 


40 



(Ic = 10 mA, VcE = 0.4 V) 


50 

200 


(Ic = 50 mA, VcE = 0.4 V) 


20 



(Ic = 1 50 mA, VcE = 0.4 V) 


10 




SMALL SIGNAL CHARACTERISTICS 


Current Gain Bandwidth Product 
(Ic = 50 mA, VcE = 1 0 V, f = 20 MHz) 

fT 

50 


MHz 

Output Capacitance 
(VcB = 10 V, f = 1 MHz) 

Cobo 


12 

PF 


SWITCHING CHARACTERISTICS 


Storage Time (See Figure 1) 

ts 



ns 

(Vcc = -4 V, Ic = -100 mA) 



250 


(IBI = IB2 = 10 mA) 

i 





(1) Pulsed: Pulse Duration = 300 [is, Duty Cycle = 1%. 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT Vbb ” V Vcc 
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CV10253 

CV12253 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

65 

Vdc 

Collector-Base Voltage 

VCBO 

65 

Vdc 

Emitter-Base Voltage 

vebo 

5 

Vdc 

Collector Current - Continuous 

ic 

0.6 

Adc 

Total Device Dissipation @Ta = 25°C 

pd 

0.6 

Watt 

Derate above 25°C 


4.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj. Tstg 

-55 to +175 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

Rf^JA 

250 

°C/W 


CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 



AMPLIFIER TRANSISTORS 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | . Max [ UiiiiT 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
dC = 10 mA, IB = 0) 

VCEO(sus) 

65 


V 

Collector Cutoff Current 

ICBO 



nA 

{Vcb = 50V, lE = 0) 



20 


Emitter Cutoff Current 

lEBO 




(lEBOd) Veb = 3V, lc = 0) 



20 

nA 

{IEBO(2)Veb = 5V, lc = 0) 



2 

laA 

Collector Cutoff Current 

ICEO 



^lA 

(VcE = 50 V, Ta - 100°C) 



80 



ON CHARACTERISTICS 


DC Current Gain 

(h21e(1) Ic = 1.0 mA, VcE = 0.4 V) 

{h21e(2) Ic = 10 mA, VcE = 0.4 V) 

(h21 e(3) Ic 1 50 mA, VcE = 0.75 V){1) 

(h21e{4) Ic = 50 mA, VcE = 0.4 V) 

hpE 

40 

50 

25 

35 

200 


Base-Emitter Saturation Voltage(l) 

VBE(sat) 



V 

(Ic = 30 mA, Ib = 1 mA) 



0.9 


(Ic = 1 50 mA, Ib = 1 5 mA) 



1 .3 



SMALL SIGNAL CHARACTERISTICS 


Current Gain Bandwidth Product 
(Ic = 50 mA, VcE = 10 V, f = 35 MHz) 

fT 

60 


MHz 

Storage Time 

CV10253 

Is 

172 

250 

ns 

(Vcc 45 V, Ic = 100 mA, Ibi = Ib2 = 10 mA) 

CV12253 

550 

Output Capacitance 
(VcB = 10 V, f = 1 MHz) 

Cob 


20 

PF 


(1) Pulsed; Pulse Duration = 300 fis, Duty Cycle = 1%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 






MAXIMUM RATINGS 


Rating 

Symbol 

- Value 

Unit 

Collector-Emitter Voltage 

VCEO 

45 

Vdc 

Collector-Base Voltage 

VCBO 

45 

Vdc 

Emitter-Base Voltage 

vebo 

5 

Vdc 

Collector Current - Continuous 

ic 

250 

mAmp 

Total Device Dissipation @Ta = 25°C 

pd 

0.3 

Watt 

Derate above 25°C 


2.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-55 to +175 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

Rf^JA 

500 

°C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit ~| 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(Ic = 10 mA, Ib = 0) 

VCEO(sus) 

45 


Vdc 

Collector Cutoff Current (Emitter Open) 

ICBO 




(Vcb = 30V, lB = 0) 



100 

nA 

(Vcb = 30 V, Ib = 0, Ta = 100°C) 



15 

^A 

Emitter Cutoff Current 

lEBO 




(Veb = 5 V, Ic = 0) 



500 

nA 


ON CHARACTERISTICS 


Base-Emitter Saturation Voltage 
(Ic = 10 mA, Ib = 1 mA) 

(Ic = 50 mA, Ib = 2.5 mA) 

VBE(sat) 


0.9 

1.6 

Vdc 

Vdc 

DC Current Gain 

hpE 




(Ic = 10 ^A, VcE = 0.4 V) 


40 



(Ic = 1 mA, VcE = 0.4 V) 


1 75 

500 


(Ic = 10 mA, VcE = 0.4 V) 


225 

550 


Collector-Emitter Saturation Voltage 

VCE(sat) 




(Ic = 10 mA, Ib = 1 mA) 



0.3 

Vdc 


SMALL SIGNAL CHARACTERISTICS 


Current Gain Bandwidth Product 
(Ic = 1 0 mA, VcE = 5 V, f = 35 MHz) 

fT 

200 


MHz 

Output Capacitance 
(VcB = 5 V, lE = 0, f = 1 MHz) 

Oob 


8 

PF 


SWITCHING CHARACTERISTICS 


Storage Time (See Figure 1) 

ts 




(Vcc ^ 4 V, Vbb = 15 V, Ic = 10 mA, lB1 = IB2 = 1 mA) 



750 

ns 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 



Oscilloscope 
ze ^ IMja 


tf of Generator ^ 5ns 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VcBO 

40 

Vdc 

Emitter-Base Voltage 

vebo 

5 

Vdc 

Collector Current - Continuous 

•c 

100 

mAmp 

Total Device Dissipation @Ta = 25°C 

pd 

300 

mWatt 

Derate above 25°C 


2.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

-55 to +175 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

200 

°C/W 

Thermal Resistance, Junction to Ambient 

RfyjA ' 

500 

°c/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(IC = 2 mA, IB = 0) 

VCE0(sus 

40 


V 

Collector Cutoff Current (Emitter Open) 

(Vcb = 30 V, Ie = 0) 

(VcB = 30 V, lE = 0, Ta = 100°C) 

ICBO 


100 

4 

nA 

pA 

Emitter Cutoff Current (Collector Open) 

(Veb = 5 V, Ic = 0) 

lEBO 


500 

nA 


ON CHARACTERISTICS 


Collector-Emitter Saturation Voltage 
(Ic = 10 mA, Ib = 1 mA) 

VCE(sat) 


0.3 

V 

DC Current Gain 

hpE 




dC = 10 pA, VcE = 5 V) 


40 



(Ic = 2 mA, VcE = 5 V) 


125 

400 



SMALL SIGNAL CHARACTERISTICS 


Current Gain Bandwidth Product 
(Ic = 10 mA, VcE = 5 V, f = 1 00 MHz) 

fT 

200 


MHz 

Small Signal Current Gain 
(Ic = 1 mA, VcE = 10 V, f = 1 kHz) 

hfe 

100 

400 


Noise Figure 

(Rq = 2 KQ, VcE = 5 V, lE = 200 pA, f = 30. Hz to 15 kHz 

NF 


2 

dB 

Output Capacitance 
(VcB = 5 V, f = 1 MHz) 

Cobo 


8 

PF 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 





For Specifications, See CV10253 Data. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VcEO 

15 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

200 

mAdc 




Both Die 




One Die 

Equal Power 


Total Device Dissipation (a) T/v = 25°C 

pd 



mW 

Derate above 25°C 


550 

600 


MD708, MD708A, MD708B 


3.13 

3.42 

mwrc 

Total Device Dissipation @ Tq = 25°C 

pd 

1.4 

2.0 

Watts 

Derate above 25°C 

1 

8.0 

11.4 

mwrc 

Operating and Storage Junction 

Tj, Tstg 

- 65 to -1- 200 

°C 


Temperature Range 


THERMAL CHARACTERISTICS 


IVID708, A, B 


CASE 654-07, STYLE 1 



Emitter 3 5 Emitter 


DUAL 

AMPLIFIER TRANSISTORS 

NPN SILICON 

Refer to MD2369 for graphs. 


Characteristic 

Symbol 

One Die 

Both Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

125 

87.5 

X/W 

Thermal Resistance, Junction to Ambient 


319 

292 

x/w 


Junction to 
Ambient 

Junction to 
Case 


Coupling Factors 

83 

40 

% 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 



OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) (Iq = 30 mAdc, Ib = 0) 

V(BR)CEO 

15 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 10 /nAdc, Ig = 0) 

V(BR)CBO 

40 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 10 /nAdc, Iq = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Collector Cutoff Current (VcB = 20 Vdc, Ie = 0) 

(VcB = 20 Vdc, Ie = 0, Ta = 150X) 

ICBO 

— 

15 

30 

nAdc 
fi Ad c 


ON CHARACTERISTICS 


DC Current Gain(2) (Iq = 500 /xAdc, Vqe = 1-0 Vdc) 

dC = 10 mAdc, VcE = 1-0 Vdc) 
dC = 100 mAdc, VcE = 5.0 Vdc) 
dC = 150 mAdc, Vqe = 5.0 Vdc) 

hpE 

40 

40 

35 

20 

_ 

200 


Collector-Emitter Saturation Voltage (Iq = 10 mAdc, Ib = 1.0 mAdc) 

VcE(sat) 

— 

0.20 

Vdc 

(Ic = 50 mAdc, Ib = 5.0 mAdc) 


— 

0.35 


dC = 100 mAdc, Ib = 10 mAdc) 


— 

0.50 


Base-Emitter Saturation Voltage dC = 10 mAdc, Ib = 1.0 mAdc) 

VBE(sat) 

0.65 

0.85 

Vdc 

(Ic = 50 mAdc, Ib = 5.0 mAdc) 


— 

0.95 


(Ic = 100 mAdc, Ib = 10 mAdc) 


— 

1.10 



(2) Pulse Test: Pulse Width ^ 300 ixs, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

Vdc 

Collector-Base Voltage 

VCES 

30 

Vdc 

Emitter-Base Voltage 

vebo 

3.0 

Vdc 

Collector Current — Continuous 

ic 

50 

mAdc 


One Die 

Both Die 


Total Device Dissipation @ Ta = 25°C 

Pd 




MD918AB 


550 

600 


MD918AF 


350 

400 

mW 

Derate above 25°C 





MD918AB 


3.14 

3.42 


MD918AF 


2.0 

2.28 

mwrc 

Total Device Dissipation @ Tq = 25°C 

Pd 




MD918AB 


1.4 

2.0 

Watts 

MD918AF 


0.7 

1.4 


Derate above 25°C 





MD918AB 


8.0 

11.4 

mW/X 

MD918AF 


4.0 

8.0 


Operating and Storage Junction 

Tj/ Tstg 

-65 to +200 

X 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

Ail Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Case 

R0JC 



X/W 

MD918A,B 


125 

87.5 


MD918AF 


250 

125 


Thermal Resistance, Junction to Ambient 

R0Ja(i) 



x/w 

MD918A,B 


319 

292 


MD918AF 


500 

438 




Junction to 

Junction to 




Ambient 

Case 


Coupling Factors 




% 

MD918A,B 


83 

40 


MD918AF 


Z5 

0 




ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min | Typ [ Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 3.0 mAdc, Ib = 0) 

V(BR)CEO 

15 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

30 

— 


Vdc 

dC =1.0 fiAdc, Ie = 0) 






Emitter-Base Breakdown Voltage 

V(BR)EBO 

3.0 


_ 

Vdc 

dE = 10 AtAdc, Ic = 0) 






Collector Cutoff Current 

•CBO 





(VcB = 15 Vdc, Ie = 0) 


— 

— 

10 

nAdc 

(VcB = 15 Vdc, Ie = 0, Ta = 150X) 


— 

— 

1.0 

/uAdc 


ON CHARACTERISTICS 


DC Current Gain 

dC = 3.0 mAdc, VcE = 5.0 Vdc) 

hFE 

50 

165 

— 

- 

Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 Adc) 

VCE(sat) 

— 

0.09 

0.2 

Vdc 

Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1-0 mAdc) 

VBE(sat) 

— 

0.86 

0.9 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 4.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 

fT 

600 

- 

- 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

— 

1.1 

1 

1.7 

PF 
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FIGURE 5 - CAPACITANCE 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

50 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

600 

mAdc 


One Die 

All Die 


Total Device Dissipation @ T/\ = 25°C 

Pd 



mW 

MD982 


600 

650 


MD982F 


350 

400 


MQ982 


400 

600 


Derate above 25°C 




mW/°C 

MD982 


3.42 

3.7 


MD982F 


2.0 

2.28 


MQ982 


2.28 

3.42 


Total Device Dissipation (a) Tq = 25°C 

Pd 



Watts 

MD982 


2.1 

3.8 


MD982F 


1.25 

2.5 


MQ982 


1.0 

4.0 


Derate above 25°C 




mW/°C 

MD982 


i 12 

17.2 


MD982F 


7.15 

14.3 


MQ982 


5.71 

22.8 


Operating and Storage Junction 

Tj/ Tgtg 

-65 to +200 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

All Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Case 

R0JC 



°c/w 

MD982 


83.3 

58.3 


MD982F 


140 

70 


MQ982 


175 

43.8 


Thermal Resistance, Junction to Ambient 

P^JAd) 



°c/w 

IVID982 


292 

270 


MD982F 


500 

438 


IVIQ982 


438 

292 




Junction to 

Junction to 




Ambient 

Case 


Coupling Factor 




% 

IVID982 


85 

40 


MD982F 


75 

0 


MQ982 (Q1-Q2) 


57 

0 


(Q1-Q3 or Q1-Q4) 


55 

0 



IVID982, 

IVIQ982 

MD982 

CASE 654-07, STYLE 1 
DUAL 


F 



MD982F 

CASE 610A-04, STYLE 1 , 
DUAL 


MQ982 

CASE 607-04, STYLE 1 
QUAD 



AMPLIFIER TRANSISTORS 


PNP SILICON 



ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min | Typ | Max | Uni^ 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) dc = 10 mAdc, Ib = 0) 

V(BR)CEO 

50 

— 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq ^ 10 /xAdc, Ig = 0) 

V(BR)CBO 

60 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 10 )u,Adc, Iq = 0) 

V{BR)EBO 

5.0 

— 

— 

Vdc 

Collector Cutoff Current (Vcb = 50 Vdc, Ie = 0) 

ICBO 

__ 

_ 

0.020 

jU-Adc 

(VcB = 50 Vdc, Ie = 0, Ta = 150°C) 



— 

20 



ON CHARACTERISTICS(2) 


DC Current Gain (Iq = 0.1 mAdc, Vqe = 10 Vdc) 
dc = 1.0 mAdc, VcE = 10 Vdc) 
dc = 10 mAdc, VcE = 10 Vdc) 
dc = 150 mAdc, VcE = 10 Vdc) 

hFE 

20 

25 

35 

40 

50 

75 

90 

60 

- 


Collector-Emitter Saturation Voltage dc = 150 mAdc, Ib = 15 mAdc) 

VCEfsat) 

— 

0.25 

0.5 

Vdc 

Base-Emitter Saturation Voltage (Ic = 150 mAdc, Ib = 15 mAdc) 

VBE(sat) i 

— 

0.88 

1.4 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 50 mAdc, VcE = 20 Vdc, f = 100 MHz) 

fr 

200 

320 

— 

MHz 

Output Capacitance (Vcb = 10 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

— 

5.8 

8.0 

pF 

Input Capacitance (Vbe = 2.0 Vdc, Ic = 0, f = 100 kHz) 

Qbo 

- 

16 

30 

PF 


(2) Pulse Test: Pulse Width 300 fis, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

20 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

200 

mAdc 




Both Die 




One Die 

Equal Power 


Total Device Dissipation @ Ta = 

Pd 

575 

625 

mW 

25°C 


3.29 

3.57 

mW/°C 

Derate above 25°C 





Total Device Dissipation @ Tq = 25°C 

Pd 

1.8 

2.5 

Watts 

Derate above 25°C 


10.3 

14.3 

rnW/X 

Operating and Storage Junction 

"Pj' ^stg 

-65 to +200 

°C 

Temperature Range 





Characteristic 

Symbol 

One Die 

Both Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

97 

70 

°C/W 

Thermal Resistance, Junction to 
Ambient 

R0Ja(i) 

304 

280 

°c/w 


Junction to 
Ambient 

Junction to 
Case 


Coupling Factor 

84 

44 



(1) R^ja is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dc = 10 mAdc, Ib = 0) 

V(BR)CEO 

20 

— 

- 

Vdc 

Collector-Base Breakdown Voltage 

V{BR)CBO 

40 

— 

— 

Vdc 

dc = 10 fiAdc, Ie = 0) 






Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

_ 

Vdc 

(Ie = 10 )U.Adc, Ic = 0) 






Collector Cutoff Current 

'CBO 





(VcB = 20 Vdc, Ie = 0) 


-- 

— 

25 

nAdc 

(VcB = 20 Vdc, Ie = 0, Ta = 150°C) 


— 

— 

30 

)LtAdc 


ON CHARACTERISTICS 


DC Current Gain(2) 
dc = 10 mAdc, VcE = 10 Vdc) 

hPE 

25 

75 

— 

— 

Collector-Emitter Saturation Voltage 

VcE(sat) 




Vdc 

(Ic = 10 mAdc, Ib = 1.0 mAdc) 


— 

0.18 

0.3 


dc = 50 mAdc, Ib = 5.0 mAdc)(2) 


— 

0.38 

0.5 


Base-Emitter Saturation Voltage 

VBE(sat) 

— 

0.8 

0.9 

Vdc 

(Ic = 10 mAdc, Ib = 1-0 mAdc) 







SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 

fT 

250 

550 

— 

MHz 

dc = 20 mAdc, VcE = 20 Vdc, f = 100 MHz) 



1 




(2) Pulse Test: Pulse Width ^ 300 fis, Duty Cycle < 2.0%. 
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IVID985 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

'c 

500 

mAdc 




Both Die 




One Die 

Equal Power 


Total Device Dissipation 

Pd 

575 

625 

mW 

@ Ta = 25°C 


3.29 

3.57 


Derate above 25°C 


2.0 

2.28 

mwrc 

Total Device Dissipation 

•"D 



Watts 

@ Tc = 25°C 


1.8 

2.5 


Derate above 25°C 


10.3 

14.3 

mW/°C 

Operating and Storage Junction 

Tj, Tstg 

I 

- 65 to + 200 

°C 

Temperature Range 





CASE 654-07, STYLE 5 


Collector 1 7 Collector 



COMPLEMENTARY DUAL 
GENERAL PURPOSE TRANSISTORS 

NPN/PNP SILICON 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

Both Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

97 

70 

°C/W 

Thermal Resistance, Junction to Ambient 

R«ja(i) 

304 

280 

°c/w 


Junction to 
Ambient 

Junction to 
Case 


Coupling Factors 

^ ! 

44 

% 


(1) R^JA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 

(IC = 10 mAdc, Ib = 0) 

V(BR)CEO 

30 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

60 

— 

— 

Vdc 

dc = 10 /jiAdc, Ie = 0) 






Emitter-Base Breakdown Voltage 

V{BR)EBO 

5.0 

— 

— 

Vdc 

(Ie = 10 ^Adc, Ic = 0) 

1 





Collector Cutoff Current 

ICBO ' 





(VcB = 50 Vdc, Ie = 0) 


— 

— 

20 

nAdc 

(VcB = 50 Vdc, Ie = 0, Ta = + 150°C) 


— 

— 

20 

^Adc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 0.1 mAdc, VcE = 10 Vdc) 
dC = 1.0 mAdc, VcE = 10 Vdc) 
dc = 10 mAdc, VcE = 10 Vdc) 

(Ic = 150 mAdc, VcE = 10 Vdc) 

hpE 

20 

25 

35 

40 

50 

75 

90 

90 

- 


Collector-Emitter Saturation Voltage 
(Ic = 150 mAdc, Ib = 15 mAdc) 

VcE(sat) 

— 

0.3 

0.5 

Vdc 

Base-Emitter Saturation Voltage 
(Ic =150 mAdc, Ib = 15 mAdc) 

VBE(sat) 

— 

1.0 

1.4 

Vdc 
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MD985 


ELECTRICAL CHARACTERISTICS (continued) (Tj^ = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min | Typ | Max | UniiT 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, VcE = 20 Vdc, f = 100 MHz) 

fT 

200 

320 

- 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

1 

— 

5.8 

8.0 

pF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 

p 

O 

— 

20 

— 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 30 Vdc, Ic = 150 mAdc, Igi = 15 mAdc) 

Ion 

— 

25 

- 

ns 

Turn-Off Time 

(Vcc = 30 Vdc, Ic = 150 mAdc, Ibi = Ib 2 = 15 mAdc) 

toff 

— 

76 

— 

ns 


(2) Pulse Test: Pulse Width < 300 fis, Duty Cycle 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

'c 

500 

mAdc 




All Die 
Equal 




One Die 

Power 


Total Device Dissipation (& = 25°C 

pd 




MD1121, MD1122 


575 

625 

mW 

MQ1120 

Derate above 25°C 


400 

600 


MD1121, MD1122 


3.29 

3.57 

mW/°C 

MQ1120 


2.28 

3.42 


Total Device Dissipation (a) T^ = 25°C 

pd 




MD1121, MD1122 


1.8 

2.5 

Watts 

MQ1120 

Derate above 25°C 


0.9 

3.6 


MD1121, MD1122 


10.3 

14.3 

mW/°C 

MQ1120 


5.13 

20.5 


Operating and Storage Junction 

Tj/ Tstg 

-65 to -h200 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

All Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Case 

R0JC 



°C/W 

I\/1D1121, IVID1122 


97 

70 


MQ1120 


195 

48.8 


Thermal Resistance, Junction to Ambient 

R^jaH) 



°c/w 

MD1121, MD1122 


304 

280 


MQ1120 


438 

292 




Junction to 

Junction to 




Ambient 

Case 

Unit 

Coupling Factors 




% 

MD1121, MD1122 


84 

44 


MQ1120 (Q1-Q2) 


57 

0 


(Q1-Q3 or Q1-Q4) 


55 

0 

1 


(1) R^ja is measured with the device soldered into a typical printed circuit board. 


IVID1121 

IVID1122 

MQ1120 


MD1121 


CASE 654-07, STYLE 1 


MD1122 


CASE 610A-04, STYLE 1 


MQ1120 

CASE 607-04, STYLE 1 


DUAL 

14 

AMPLIFIER TRANSISTORS 

NPN SILICON 



Refer to MD2218,A for graphs. 



ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ [ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 

V{BR)CEO 

30 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 10 fxMc. Ie = 0) 

V(BR)CBO 

60 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 /LtAdc, Ic = 0) 

V(BR)EBO 

5.0 

~ 

1 

— 

Vdc 

Collector Cutoff Current 
(VcB = 50 Vdc, Ie = 0) 

(VcB = 50 Vdc, Ie = 0, Ta = 150°C) 

ICBO 

- 


10 

10 

nAdc 

/^Adc 

Emitter Cutoff Current 
(Veb = 3.0 Vdc, Ic = 0) 

Iebo 

1 

— 

10 

nAdc 
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MD1121, MD1122, MQ1120 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic ] Symbol j Min | Typ | Max | Unit | 

ON CHARACTERISTICS 


DC Current Gain(2) 
dC = 10 fjiAdc, VcE = 10 Vdc) 
dC = 100 fiAdc. VcE = 10 Vdc) 
dC = 1.0 mAdc, VcE = 10 Vdc) 
dC = 10 mAdc, VcE = 10 Vdc) 

hpE 

20 

30 

40 

50 

40 

50 

60 

65 

100 

120 

160 

200 


Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 

VcE(sat) 

— 

80 

100 

mVdc 

Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 10 mAdc) 

VBE(sat) 

— 

700 

850 

mVdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 20 mAdc, Vqe = 20 Vdc, f = 100 MHz) 

fT 

200 

250 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

_ 

3.5 

' 

8.0 

PF 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(3) 
dC = 100 /LiAdc, VcE = 10 Vdc) All Devices 

dC = 1.0 mAdc, VcE = 10 Vdc) MD1122 

hFEl/hFE2 

0.8 

0.9 

- 

1.0 

1.0 

— 

Base-Emitter Voltage Differential 

|Vbei-Vbe2! 




mVdc 

dC = 100 ^tAdc, VcE = 10 Vdc) All Devices 


— 

— 

10 


dC = 1.0 mAdc, VcE = 10 Vdc) MD1122 


— 

— 

5.0 


Base-Emitter Voltage Differential Change 

A(Vbei-VbE2) 




mVdc 

Due to Temperature — MD1121, MD1122 






dC = 100 /xAdc, VcE = 10 Vdc, Ta = -55 to +25°C) 


— 

— 

0.8 


dC = 100 fiAdc, VcE = 10 Vdc, Ta = +25 to + 125°C) 


— 

— 

1.0 



(2) Pulse Test: Pulse Width 300 fxs, Duty Cycle 2.0%. 

(3) The lowest hpg reading is taken as hpEl for this ratio. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

Vdc 

Collector-Base Voltage 

VCBO 

30 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

'c 

50 

mAdc 


One Die 

Both Die 


Total Device Dissipation @ Ta = 25°C 

pd 

550 

600 

mW 

Derate above 25°C 


3.14 

3.42 

mW/X 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.4 

2.0 

Watts 

Derate above 25°C 


8.0 

11.4 

mW/X 

Operating and Storage Junction 

Tj» Tstg 

-65 to +200 

X 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

Both Die 
Equal Power 

Unit 

Thermal Resistance, 

Junction to Case 

RaJC 

125 

87.5 

X/W 

Thermal Resistance, 

Junction to Ambient 

R6>jAn) 

319 

292 

x/w 


Junction to 
Ambient 

Junction to 
Case 

Unit 

Coupling Factors 

83 

40 

% 


(1 ) R^ja is measured with the device soldered into a typical printed circuit board. 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ [ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) (Iq = 3.0 mAdc, |0 = 0) 

V(BR)CEO 

15 

__ 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 1.0 /u,Adc, Ip = 0) 

V(BR)CBO 

30 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ip = 10 ^Adc, Ic = 0) 

V(BR)EBO 1 

5.0 

1 

— 

Vdc 

Collector Cutoff Current (VcB = 15 Vdc, Ip = 0) 

'CBO 

— 


10 

nAdc 

(VcB = 15 Vdc, Ie = 0, Ta = 150X) 

i 

— 

— 

1.0 

fxAdc 


ON CHARACTERISTICS 


DC Current Gain(2) (\q = 1.0 mAdc, V^p = 5.0 Vdc) 

hpE 

50 

_ 

— 

— 

Collector-Emitter Saturation Voltage (Iq = 10 mAdc, Ip = 1.0 mAdc) 

VcE(sat) 

— 

0.2 

0.4 

Vdc 

Base-Emitter Saturation Voltage (\q = 10 mAdc, Ip = 1.0 mAdc) 

VBE(sat) 

— 

0.7 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

fT 

600 

800 

_ 

— 

dC = 4.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 






Output Capacitance (Vcb = 0, Ip = 0, f = 140 kHz) 

Cobo 

— 

1.5 

3.0 

pF 

(VcB = 10 Vdc, Ip = 0, f = 140 kHz) 


— 

1.3 

1.7 


Input Capacitance (VpB = 0.5 Vdc, Iq = 0, f = 140 kHz) 

o 

.Q 

6 

— 

1.8 

2.0 

PF 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(3) (Iq = 1-0 mAdc, VcE = 5.0 Vdc) 

hFEl/hFE2 

0.9 

— 

1.0 

— 

Base-Emitter Voltage Differential (Iq = 1.0 mAdc, VcE = 5.0 Vdc) 

|Vbei-Vbe2I 

— 

— 

5.0 

mVdc 

Base-Emitter Voltage Differential Change Due to Temperature 

A(Vbei-VbE2) 




mVdc 

dC = 1.0 mAdc, VcE = 5.0 Vdc, Ta = -55 to +25X) 


— 

— 

0.8 


dC = 1.0 mAdc, VcE = 5.0 Vdc, Ta = +25 to +125X) 


— 

— 

1.0 



(2) Pulse Test: Pulse Width ^ 300 fxs, Duty Cycle 2.0%. 

(3) The lowest hpE reading is taken as hppi for this ratio. 
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MAXIMUM RATINGS 


Rating 

Symbol 

MD2218,A 

MD2219A,F 

MQ2218,A 

MQ2219,A 

MD2218AF 

MD2219AF 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

40 

Vdc 

Collector-Base Voltage 

VCBO 

60 

75 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

6.0 

Vdc 

Collector Current — Continuous 

•c 

500 

mAdc 




All Die 





Equal 




One Die 

Power 


Total Device Dissipation 

Pd 



mW 

@ Ta = 25°C 





MD2218A MD2219A 


575 

625 


MD2218AF, MD2219F,AF 


350 

400 


MQ2218A MQ2219,A 


400 

600 

mW/°C 

Derate above 25°C 





MD2218A MD2219A 


3.29 

3.57 


MD2218AF, MD2219F,AF 


2.0 

2.28 


MQ2218A MQ2219,A 


2.28 

3.42 


Total Device Dissipation 

Pd 



Watts 

@ Tc = 25°C 




MD2218A MD2219A 


1.8 

2.5 


MD2218AF, MD2219F,AF 


1.0 

2.0 


MQ2218A MQ2219,A 


0.9 

3.6 

mW/X 

Derate above 25°C 





IVID2218A IVID2219A 


10.3 

14.3 


MD2218AF, MD2219F,AF 


5.71 

11.4 


MQ2218A MQ2219,A 


5.13 

20.5 


Operating and Storage Junction 
Temperature Range 

Tj' Tstg 

-65 to +200 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

All Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Case 

R0JC 



X/W 

MD2218,A, MD2219A 


97 

70 


MD2218AF, MD2219AF 


175 

87.5 


MQ2218,A, MQ2219,A 


195 

48.8 


Thermal Resistance, Junction to Ambient 

R0Ja(i) 



x/w 

MD2218,A, MD2219A 


304 

280 


MD2218AF, MD2219AF 


500 

438 


MQ2218,A, MQ2219,A 


438 

292 




Junction to 

Junction to 




Ambient 

Case 


Coupling Factors 




% 

MD2218,A, l\/ID2219A 


84 

44 


MD2218AF, MD2219AF 


75 

0 


MQ2218,A, MQ2219,A (Q1-Q2) 


57 

0 


(Q1-Q3 or Q1-Q4) 

55 

0 



(1) RgjA is measured with the device soldered into a typical printed circuit board. 


IVID2218, A, AF 
MD2219A, AF 
IVIQ2218,A IVIQ2219,A 


MD2218, A 
MD2219A 

CASE 654-07, STYLE 1 
DUAL 



CASE 


MD2218AF 
MD2219AF 
610A-04, STYLE 
DUAL 



MQ2218, A 
MQ2219, A 

CASE 607-04, STYLE 1 
QUAD 



AMPLIFIER TRANSISTORS 

NPN SILICON 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


1 

Characteristic 

1 Symbol | 

Min 

1 Typ 

1 Max 1 

Unit 1 

OFF CHARACTERISTICS 








Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 

MD2218,A, MD2219A, MQ2218,A, 
MQ2219,A 

MD2218AF, IVID2219AF 

V(BR)CEO 

30 

40 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 




Vdc 

dC = 10 ixAdc, Ie = 0) 






MD2218,A, MD2219A, MQ2218,A, 






MD2219A 


60 

— 

— 


MD2218AF, MD2219AF 


75 

— 

— 
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MD2218, A, AF, MD2219A, AF, MQ2218, A, MQ2219, A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Emitter-Base Breakdown Voltage 
(Ie = 10 /LiAdc, Ic = 0) 

MD2218A MD2219A, MQ2218A 

V(BR)EBO 




Vdc 

MQ2219,A 


5.0 

_ 

— 


MD2218AF, MD2219AF 


6.0 

— 

— 


Collector Cutoff Current 

'CEV 




nAdc 

(VcE = 50 Vdc, VEB(off) = 3 0 Vdc) 

MD2218, MD2219F, l\/IQ2218,A 


20 




MD2218A,AF, MD2219AAF, MQ2219,A 


15 

— 

— 


Base Cutoff Current 

>BL 

30 

— 

_ 

nAdc 

(VcE = 50 Vdc, VEB(off) = 3.0 Vdc) 







ON CHARACTERISTICS(2) 


DC Current Gain 


hFE 





dc = 

0.1 mAdc, VcE = 10 Vdc) 

MD2218,A,AF, MQ2218,A 


20 

50 





MD2219A,AF, MQ2219,A 


35 

45 

— 


dc = 

1.0 mAdc, VcE = 10 Vdc) 

MD2218,A,AF, MQ2218,A 


25 

55 





MD2219A,AF, MQ2219,A 


50 

55 

— 


dc = 

10 mAdc, VcE = 10 Vdc) 

MD2218,A,AF, MQ2218,A 


35 

65 





MD2219A,AF, MQ2219,A 


75 

85 

— 


dc = 

150 mAdc, VcE = 1-0 Vdc) 

MD2218,A,AF, MQ2218,A 


20 

65 





MD2219A,AF, MQ2219,A 


50 

65 

— 


dc = 

150 mAdc, VcE = 10 Vdc) 

MD2218,A,AF, MQ2218,A 


40 

30 

120 


dc = 

300 mAdc, VcE = 10 Vdc) 

MD2219A,AF, MQ2219,A 


100 

120 

300 


MD2218,A, MQ2218,A 


25 

75 

— 




MD2219A, MQ2219,A 


30 

75 

— 


Collector-Emitter Saturation Voltage 


VcE(sat) 




Vdc 

dc = 

150 mAdc, Ib = 15 mAdc) 

MD2218,A, MD2219A, MQ2218,A, 
MQ2219,A 


0.2 

0.4 




dc = 

300 mAdc, Ib = 30 mAdc) 

MD2218AF, MD2219AF 




0.3 


MD2218,A, MD2219A, MQ2218,A, 
MQ2219,A 



0.35 

1.2 






MD2218AF, MD2219AF 


— 

— 

0.9 


Base-Emitter Saturation Voltage 


VBE(sat) 




Vdc 

dc = 

150 mAdc, Ib = 15 mAdc) 

MD2218,A, MD2219A, MQ2218,A, 
MQ2219,A 


0.6 

0.95 

1.3 




MD2218AF, MD2219AF 


0.6 

1.0 

1.2 


dc = 

300 mAdc, Ib = 30 mAdc) 

MD2218,A, MD2219A, MQ2218,A, 
MQ2219,A 


_ 


2.0 




MD2218AF, MD2219AF 


— 

— 




SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 20 mAdc, VcE = 20 Vdc, f = 100 MHz) 

fT 

200 

250 

- 

MHz 

Output Capacitance 

^obo 

— 

3.5 

8.0 

PF 

(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 






Input Capacitance 

Cibo 




PF 

(Veb = 0.5 Vdc, Ic = 0, f = 100 kHz) 






MD2218,A, MD2219A, MQ2218,A, 






MQ2219,A 


— 

15 

20 


MD2218AF, MD2219AF 


— 

18 

25 
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MD2218, A, AF, MD2219A, AF, MQ2218, A, MQ2219, A 


ELECTRICAL CHARACT ERISTICS (continued) (Ta = 25X unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit | 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 30 Vdc, Ic = 150 mAdc, 

VBE(off) = 0-5 Vdc, Ibi = 15 mAdc) 




20 



MD2218 

Id 

— 

— 

ns 


MD2218A,AF, MD2219A,AF 


— 

— 

15 


Rise Time 

MD2218 

tr 

— 

_ 

40 

ns 


MD2218A,AF, MD2219A,AF 


— 

— 

30 


Storage Time 

(Vcc = 30 Vdc, Ic = 150 mAdc, 

Ibi = Ib 2 = 15 mAdc) 







MD2218 

Is 

— 

— 

280 

ns 


MD2218A,AF, MD2219A,AF 


— 

— 

250 


Fall Time 

MD2218 

tf 

— 

— 

70 

ns 


MD2218A,AF, MD2219A,AF 


— 

— 

60 



(2) Pulse Test: Pulse Width 300 /as. Duty Cycle 2.0%. 


3 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 

IC, COLLECTOR CURRENT (mA) 




0.5 1.0 2.0 5.0 10 20 50 100 200 500 0.5 1.0 2.0 5.0 10 20 50 100 200 500 

IC, COLLECTOR CURRENT (mA) 'C. COLLECTOR CURRENT (mA) 
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MD2218, A, AF, MD2219A, AF, MQ2218, A, MQ2219, A 


FIGURE 4 - FREQUENCY EFFECTS 


NOISE FIGURE 

(VcE = 10 Vdc,TA = 25^0 


FIGURE 5 - SOURCE RESISTANCE EFFECTS 
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t„t,, STORAGE AND FALL TIME (ns) 


MD2218, A, AF, MD2219A, AF, MQ2218, A, MQ2219, A 


FIGURE 10 - TURN-OFF BEHAVIOR 



10 20 30 50 70 100 200 300 

Ic, COLLECTOR CURRENT (mA) 



FIGURE 11 - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 


FIGURE 12 - STORAGE TIME AND FALL 
TIME EQUIVALENT TEST CIRCUIT 


GENERATOR RISE TIME < 2.0 ns 




i 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

•c 

500 

mAdc 




All Die 




One Die 

Equal Power 


Total Device Dissipation 

Pd 



mW 

@ Ta = 25°C 





MD2369,A,B 


550 

600 


MD2369,AF,BF 


350 

400 


MQ2369 


400 

600 


Derate above 25°C 




mW/°C 

MD2369AB 


3.14 

3.42 


MD2369F,AF,BF 


2.0 

2.28 


MQ2369 


2.28 

3.42 


Total Device Dissipation 

Pd 



Watts 

@ Tc = 25°C 





MD2369AB 


1.4 

2.0 


IVID2369,AF,BF 


0.7 

1.4 


MQ2369 


0.7 

2.8 


Derate above 25°C 




mwrc 

MD2369,A,B 


8.0 

11.4 


MD2369,AF,BF 


4.0 

80 


MQ2369 


4.0 

16 


Operating and Storage Junction 

Tstg 

-65 to +200 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

All Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Case 

R0JC 



°C/W 

MD2369,A,B 


125 

87.5 


MD2369,AF,BF 


250 

125 


MQ2369 


250 

62.6 


Thermal Resistance, Junction to Ambient 

R0Ja(V 



°c/w 

MD2369,A,B 


319 

292 


MD2369,AF,BF 


500 

438 


MQ2369 


438 

292 




Junction to 

Junction to 




Ambient 

Case 


Coupling Factor 




% 

MD2369,A,B 


83 

40 


MD2369,AF,BF 


75 

0 


MQ2369 (Q1-Q2) 


57 

0 


(Q1-Q3 or Q1-Q4) 


55 

0 



(1) is measured with the device soldered into a typical printed circuit board. 


IVID2369, A, B, 

AF, BF 

IVIQ2369 


MD2369,A,B 

CASE 654-07, STYLE 1 
DUAL 


MD2369,AF,BF 

CASE 610A-04, STYLE U 
DUAL 


MQ2369 

CASE 607-04, STYLE 1 
QUAD 

14 

GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 




ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

15 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

40 

_ 

— 

Vdc 

dC = 10 AiAdc, Ie = 0) 






Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

— 

Vdc 

(Ie = 10 AAdc, Ic = 0) 






Collector Cutoff Current 

'CBO 




/Adc 

(VcB = 20 Vdc, Ie = 0) 


— 

— 

0.03 


(VcB = 20 Vdc, Ie = 0, Ta = +150°C) 


— 

— 

30 


ON CHARACTERISTICS(2) 

DC Current Gain 

hFE 




_ 

dC = 10 mAdc, VcE = 10 Vdc) 


40 

95 

140 


dC = 10 mAdc, VcE = 10 Vdc, Ta = -55°C) 


20 

— 

— 
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MD2369, A, B, AF, BF, MQ2369 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 



Collector-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 1.0 mAdc) 

VCEIsat) 

- 

- 



Base-Emitter Saturation Voltage 
dc = 10 mAdc, Ib = 1.0 mAdc) 

VBE(sat) 

0.7 

— 




SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dc = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

fr 

500 

800 



Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

— 

— 

4.0 

PF 

Input Capacitance 

(Vbe = 1-0 Vdc, Ic = 0, f = 100 MHz) 

Qbo 

1 

— 

— 

4.0 



SWITCHING CHARACTERISTICS 


Storage Time 

(Vcc = 10 Vdc, Ic = IbI = IB2 = 10 mAdc) 

Is 

— 

— 

13 

mu 

Turn-On Time 

(Vcc = 3.0 Vdc, VBE(off) = 1-5 Vdc, Ic = 10 mAdc, Ibi = 3.0 mAdc) 

fon 

— 

— 


mu 

Turn-Off Time 

(Vcc = 3.0 Vdc, Ic = 10 mAdc, Ibi =3.0 mAdc, Ib 2 = 1-5 mAdc) 

toff 

j 

— 

20 

mi 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(3) 
dc = 3.0 mAdc, VcE = 10 Vdc) 

MD2369A, MD2369AF 
MD2369B, MD2369BF 

hFEl/bFE2 

0.9 

0.8 

- 



Base-Emitter Voltage Differential 


iVBEl-VBE2l 






dc = 3.0 mAdc, VcE = 1-0 Vdc) 

MD2369A, MD2369AF 


— 

— 





MD2369B, MD2369BF 


— 

— 




Base-Emitter Voltage Differential Gradient 


A(Vbei-VbE2) 






dc = 3.0 mAdc, VcE = 1-0 Vdc, 


ATa 






Ta = -55 to +125°C) 

MD2369A, MD2369AF 


— 

— 





MD2369B, MD2369BF 


— 

— 





(2) Pulse Test: Pulse Width ^ 300 fjis, Duty Cycle ^ 2.0%. 

(3) The lowest hpE reading is taken as hpEl for this test. 


FIGURE 1 — STORAGE TIME TEST CIRCUIT 


+ 6.0 
0 

-4.0 V 

Pulse Width = 300 ns 
tf ^ 1.0 ns 
Duty Cvcle^2.0% 





2 .ol ^ ^ ^ L....L..U..1.1J I I I 1 . 1 ...1 il-U 

1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

IC, COLLECTOR CURRENT (mA) 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

IC, COLLECTOR CURRENT (mA) 
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VcE. COLLECTOR-EMITTER VOLTAGE (VOLTS) hpE, DC CURRENT GAIN C, CAPACITANCE (pF) 
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MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Typ | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) MD2904, MD2905 

MD2904A, MD2905A 

V(BR)CEO 

40 

60 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
dC = 10 /LtAdc, Ie = 0) 

V(BR)CBO 

60 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 /uAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 50 Vdc, Ie = 0) 

(VcB = 50 Vdc, Ie = 0, Ta = 150°C) 

ICBO 


- 

0.020 

30 

IxAdc 


Characteristic 

Symbol 

One Die 

All Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Case 

R0JC 



X/W 

MD2904,A, MD2905,A 


97 

70 


MD2904,AF, MD2905,AF 


175 

87.5 


MQ2904, MQ2905A 


195 

48.8 


Thermal Resistance, Junction to Ambient 

R^jaH) 



°c/w 

MD2904,A, MD2905,A 


304 

280 


MD2904,AF, MD2905,AF 


500 

438 


MQ2904, MQ2905A 


438 

292 j 




Junction to 

Junction to 




Ambient 

Case 


Coupling Factor 




% 

MD2904,A, MD2905,A 


84 

44 


MD2904,AF, MD2905,AF 


75 

0 


MQ2904, MQ2905A (Q1-Q2) 


57 

0 ! 


(Q1-Q3 or Q1-Q4) 


55 

0 



(1) R^ja is measured with the device soldered into a typical printed circuit board. 


Rating 

Symbol 

MD2904 

MD2905 

MQ2904 

MD2904A,AF 

MD2905A,AF 

MQ2905A 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

60 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

'c 

600 

mAdc 




Ail Die 




One Die 

Equal Power 


Total Device Dissipation 

Pd 



mW 

@ Ta = 25X 





MD2904,A, MD2905,A 


575 

625 


MD2904F,AF, MD2905,AF 


350 

400 


MQ2904, MQ2905A 


400 

600 

mW/X 

Derate above 25'’C 





MD2904,A, MD2905,A 


3.29 

3.57 


MD2904,F,AF, MD2905,AF 


2.0 

2.28 


MQ2904, MQ2905A 


2.28 

3.42 


Total Device Dissipation 

Pd 



Watts 

@ Tc = 25°C 





MD2904,A, MD2905,A 


1.8 

2.5 


MD2904F,AF, MD2905F,AF 


1.0 

2.0 


MQ2904, MQ2905A 


0.9 

3.6 

mW/X 

Derate above 25°C 





MD2904,A, MD2905,A 


10.3 

14.3 


MD2904F,AF, MD2905,AF 1 


5.71 

11.4 


MQ2904, MQ2905A 


5.13 

20.5 


Operating and Storage Junction 
Temperature Range 

Tj/ Tgtg 

- 65 to + 200 

X 


IVID2904, A, AF 
IVID2905, A, AF 
IVIQ2904, MQ2905A 

MD2904,A 
MD2905,A 

CASE 654-07, STYLE 1 
DUAL 

MD2904,AF 
MD2905,AF 

CASE 610A-04, STYLE 1 
DUAL 

MQ2904 
MQ2905A 

CASE 607-04, STYLE 1 
QUAD 

AMPLIFIER TRANSISTORS 

PNP SILICON 



PIN CONNECTION DIAGRAMS 

Collector 1 7 Collector 

CASE 654-07, STYLE 1 



Collectors 7 Collector Emitters 5 Emitter 

CASE 610A-04, STYLE 1 




Emitter 2 4 Emitter 


CASE 607-04, STYLE 1 


14 13 12 11 10 9 

n n . n ~ “ 


PNP 

ryi ^ rv]^ 


1 2 3 4 5 6 7 
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MD2904, A, AF, MD2905, A, AF, MQ2904, MQ2905A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

I 

Emitter Cutoff Current 
(Vbe = 3.0 Vdc, Ic = 0) 

Iebo 

- 

- 

30 

nAdc 


ON CHARACTERiSTICS(2) 


DC Current Gain 


hpE 






dC = 0.1 mAdc, VcE = 10 Vdc) 

MD2904 


20 

50 

_ 


MD2904A 


40 

70 

— 



MD2905 


35 

70 

— 



MD2905A 


75 

150 

— 


dC = 1.0 mAdc, VcE = 10 Vdc) 

MD2904 


25 

75 





MD2904A 


40 

75 

— 



MD2905 


50 

100 

— 



MD2905A 


100 

175 

— 


dC = 10 mAdc, VcE = 10 Vdc) 

MD2904 


35 

90 

— 



MD2904A 


40 

90 

— 



MD2905 


75 

110 

— 



MD2905A 


100 

200 

— 


dC = 150 mAdc, Vce = 10 Vdc) 

MD2904,A, 


40 

90 

120 



MD2905,A 


100 

200 

300 


dC = 500 mAdc, VqE = 10 Vdc) 

MD2904 


20 

60 

_ 



MD2904A 


40 

80 

— 



MD2905 


30 

130 

— 



MD2905A 


50 

150 

— 


Collector-Emitter Saturation Voltage 


VCE(sat) 




Vdc 

dc = 150 mAdc, Ib = 15 mAdc) 



— 

0.25 

0.4 


dc = 500 mAdc, Ib = 50 mAdc) 



— 

0.5 

1.6 


Base-Emitter Saturation Voltage 


VBE{sat) 




Vdc 

dc = 150 mAdc, Ib = 15 mAdc) 



— 

0.88 

1.3 


dc = 500 mAdc, Ib = 50 mAdc) 



— 

1.0 

2.6 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(3) 
dc = 50 mAdc, Vce = 20 Vdc, f = 100 MHz) 

fT 

200 

320 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

O^obo 

— 

5.8 

8.0 

pF 

Input Capacitance 

(Vbe = 2.0 Vdc, Ic = 0, f = 100 kHz) 

^ibo 

— 

16 

30 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 30 Vdc, Vbe = 0.5 Vdc, 

Ic = 150 mAdc, 

Ibi = 15 mAdc) 

Ion 

— 

— 

45 

ns 

Delay Time 

td 

— 

— 

12 

ns 

Rise Time 

tr 

— 

— 

35 

ns 

Turn-Off Time 

(Vcc = 30 Vdc, 

Ic = 150 mAdc, 

• bI = 'B2 == 15 mAdc) 

toff 

— 

— 

130 

ns 

Storage Time 

ts 

— 

— 

100 

ns 

Fall Time 

tf 

- 

- 

40 

ns 


(2) Pulse Test: Pulse Width 300 /ns. Duty Cycle ^ 2.0%. 

(3) Pulse Test: Pulse Width < 300 /ns. Duty Cycle ^ 2.0%. 
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hFE, DC CURRENT GAIN (NORMALIZED) 


MD2904, A, AF, MD2905, A, AF, MQ2904, MQ2905A 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 

lo COLLECTOR CURRENT (mA) 


50 70 100 


200 300 



FIGURE 3 - TEMPERATURE COEFFICIENTS 


0.5 1.0 2.0 5.0 10 20 50 100 200 500 

Ic, COLLECTOR CURRENT (mA) 



NOISE FIGURE 


VcE = 10 V,Ta = 25°C 


FIGURE 4 - FREQUENCY EFFECTS 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 


f, FREQUENCY (kHz) 


FIGURE 5 - SOURCE RESISTANCE EFFECTS 
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t„ STORAGE TIME (ns) TIME (ns) CURRENT-GAIN-BANDWIDTH PRDDUCT-(MHz) 


MD2904, A, AF, MD2905, A, AF, MQ2904, MQ2905A 


FIGURE 6 - CURRENT-GAIN BANDWIDTH PRODUCT 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 

IC.COLLECTOR CURRENT (MA) 


FIGURE 7 - CAPACITANCE 
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FIGURES - CHARGI^ DATA 
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MD2904, A, AF, MD2905, A, AF, MQ2904, MQ2905A 


FIGURE 12 - DELAY AND RISE 
TIME TEST CIRCUIT 


FIGURE 13 - STORAGE AND FALL 
TIME TEST CIRCUIT 


P.W. > 200 ns -30 V 



P.W. « 1.0 MS -30 V 

tf < 2.0 ns 0 

Duty Cycle < 2.0%. 


+ 13.8 V 


1 ■ 


0 k 
O-AAAr- 


1N916V 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

50 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

50 

mAdc 




All Die 




One Die 

Equal Power 


Total Device Dissipation 

Pd 



mW 

@ Ta = 25°C 





MD3250A MD3251,A 


575 

625 


MD3250,AF, MD3251,AF 


350 

400 


MQ3251 

Derate above 25°C 


400 

600 

mW/°C 

MD3250A MD3251,A 


3.29 

3.57 


MD3250,AF, MD3251,AF 


2.0 

2.28 


MQ3251 


2.28 

3.42 


Total Device Dissipation 

Pd 



Watts 

@ Tc = 25°C 





IVID3250A MD3251,A 


1.8 

2.5 


IVID3250,AF, MD3251,AF 


1.0 

2.0 


l\/IQ3251 

Derate above 25°C 


0.9 

3.6 

mW/X 

MD3250A MD3251,A 


10.3 

14.3 


IVID3250,AF, MD3251,AF 


5.71 

11.4 


MQ3251 


5.13 

20.5 


Operating and Storage Junction 

Tj, Tgtg 

-65 to +200 

X 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

All Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Case 

R0JC 



X/W 

MD3250,A, MD3251,A 


97 

70 


MD3250,AF, MD3251,AF 


175 

87.5 


MQ3251 


195 

48.8 


Thermal Resistance, Junction to Ambient 

PeJAd) 



x/w 

MD3250,A, MD3251,A 


304 

280 


MD3250,AF, MD3251,AF 


500 

438 


MQ3251 


438 

292 




Junction to 

Junction to 




Ambient 

Case 


Coupling Factor 




% 

MD3250,A, MD3251,A 


84 

44 


IVID3250,AF, IVID3251,AF 


75 

0 


MQ3251 (Q1-Q2) 


57 

0 


(Q1-Q3 or Q1-Q4) 


55 

0 



(1) R^ja is measured with the device soldered into a typical printed circuit board. 


MD3250, A, 
MD3251, A, 
IVIQ3251 

MD3250,A 

MD3251,A 

CASE 654-07, STYLE 1 
DUAL 



MD3250,AF 

MD3251,AF 

CASE 610A-04, STYLE 1 
DUAL 



MQ3251 

CASE 607-04, STYLE 1 
QUAD 



AMPLIFIER TRANSISTORS 

PNP SILICON 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ [ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

40 

- 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

50 

_ 

— 

Vdc 

dC = 10 fjAdc, Ie = 0) 






Emitter-Base Breakdown Voltage 

V(BR)EBO 

5.0 

— 

— 

Vdc 

(Ie = 10 /LtAdc, Ic = 0) 






Collector Cutoff Current 

<CBO 





(VcB = 40 Vdc, Ie = 0) 


— 

-- 

10 

nAdc 

(VcB = 40 Vdc, Ie = 0, Ta = 150X) 


— 

— 

10 

IxAdc 

Emitter Cutoff Current 

>EBO 

— 

— 

10 

nAdc 

(Vbe = 3.0 Vdc, Ic = 0) 
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MD3250, A, AF, MD3251, A, AF, MQ3251 


ELECTRICAL CHARACTERISTICS (continued) (T/\ = 25°C unless otherwise noted.) 

Characteristic | Synfiboi | Min | Typ | Max | Uni7 


ON CHARACTERiSTICS(2) 


DC Current Gain 


hpE 




_ 

dC = 10 fjiAdc, VcE = B.O Vdc) 

MD3250,A,AF 

25 

75 

— 



MD3251,A,AF 


50 

100 

— 


dC = 100 fiAdc, VcE = 5.0 Vdc) 

MD3250,A,AF 


50 

82 

150 



MD3251,A,AF 


80 

170 

300 



MQ3251 


80 

170 

— 


dC = 100 fiAdc, VcE = 5.0 Vdc, Ta = -55°C) 

MD3250,A,AF 


25 

35 





MD3251,A,AF 


50 

75 

— 


(Ic = 1.0 mAdc, VcE = 5.0 Vdc) 

MD3250,A,AF 


50 

87 

150 



MD3251,A,AF 


100 

180 

300 



MQ3251 


100 

180 

— 


dC = 10 mAdc, VcE = 5.0 Vdc) 

MD3250,A,AF 


50 

92 

— 



MD3251,A,AF 


100 

190 

— 



MQ3251 


100 

190 

300 


dC = 50 mAdc, Vqe = 5.0 Vdc) 

MD3250,A,AF 

1 

15 

50 





MD3251,A,AF 

1 

30 

90 

— 



MQ3251 

i 

30 

90 

— 


Collector-Emitter Saturation Voltage 


VcE(sat) 




Vdc 

(Ic = 10 mAdc, Ib = 1.0 mAdc) 


— 

0.11 

0.25 


dC = 50 mAdc, Ib = 5.0 mAdc) 



— 

0.18 

0-5 


Base-Emitter Saturation Voltage 


VBE(sat) 




Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 



0.6 

0.78 

0,9 


dC = 50 mAdc, Ib = 5.0 mAdc) 



— 

0.88 




SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) MD3250,A,AF 

MD3251,A,AF 

MQ3251 

fT 

200 

250 

300 

— 

600 

600 

600 

- 

MHz 

Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 

Cobo 


2.5 

6.0 

PF 

Input Capacitance 

(Vbe = 1.0 Vdc, Ic = 0, f = 100 kHz) 

Cibo 

i 

6.0 

8.0 

PF 


MATCHING CHARACTERISTICS (MD3250AAF & MD3251,A,AF ONLY) 


DC Current Gain Ratio(3) 
dC = 100 fiAdc, VcE = 5.0 Vdc) 
dC = 1.0 mAdc, VcE = 5.0 Vdc) 

hFEl/hFE2 

0.9 

0.9 

- 

1.0 

1.0 


Base-Emitter Voltage Differential 

|Vbei-Vbe2I 




mVdc 

dC = 100 /xAdc, VcE = 5.0 Vdc) 


— 

— 

3.0 


dC = 10 z^Adc, VcE = 5.0 Vdc) 


— 

— 

5.0 


dC = 10 mAdc, VcE = 5.0 Vdc) 


— 

— 

5.0 


Base-Emitter Voltage Differential Change Due to Temperature 

^|Vbei/Vbe2! 




mVdc 

dC = 100 AtAdc, VcE = 5.0 Vdc, Ta = -55 to +25°C) 


— 

— 

0.8 


dC = 100 ixAdc, VcE = 5.0 Vdc, Ta = +25 to +125°C) 


— 

— 

1.0 



(2) Pulse Test; Pulse Width ^ 300 fxs, Duty Cycle ^ 2.0%. 

(3) The lowest hpE reading is taken as hpEi for this ratio. 
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MD3250, A, AF, MD3251, A, AF, MQ3251 


FIGURE 1 - CAPACITANCE 
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FIGURE 3 - EFFECTS OF FREQUENCY 
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FIGURE 4 - EFFECTS OF SOURCE RESISTANCE 




rS^II 


f, FREQUENCY (kHz) 


RS, SOURCE RESISTANCE (kOHMS) 


FIGURE 5 - DC CURRENT GAIN 
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83 - MD 3250 AF,AF 
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VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) V, VOLTAGE (VOLTS) 


MD3250, A, AF, MD3251, A, AF, MQ3251 


FIGURE 6 - "ON” VOLTAGE 

TTTT-i — — r I I I 

Tj = 250C 

VBE(sat) @ IC/'B = 10 


FIGURE 7 - TEMPERATURE COEFFICIENTS 

‘APPLIES FOR I c/I B<hFE/5 I I I I I I I I \ 
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FIGURE 8 - COLLECTOR SATURATION REGION 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

'c 

500 

mAdc 




Both Die 





Equal 




One Die 

Power 


Total Device Dissipation @ Ta = 25°C 

Pd 

575 

625 

mW 

Derate above 25°C 


3.29 

3.57 

mW/°C 

Total Device Dissipation @ Tc = 25X 

Pd 

1.8 

2.5 

Watts 

Derate above 25°C 


10.3 

14.3 

mW/X 

Operating and Storage Junction 

Tj, Tstg 

- 65 to + 200 

°C 

Temperature Range 






Characteristic 

Symbol 

One Die 

Both Die 
Equal Power 

Unit 

Thermal Resistance, 

Junction to Case 

R0JC 

97 

70 

°C/W 

Thermal Resistance, 

Junction to Ambient 

R0Ja(i) 

304 

280 

°c/w 


Junction to 
Ambient 

Junction to 
Case 


Coupling Factors 

84 

44 

% 


(T) R^JA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Iq = 10 ^Adc, Ib = 0) 

V{BR)CEO 

30 

— 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 10 ^u-Adc, Ig = 0) 

V(BR)CBO 

60 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 10 fiAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

— 

Vdc 

Collector Cutoff Current (Vqb = 50 Vdc, Ig = 0) 

ICBO 

_ 

_ 

10 

nAdc 

(VcB = 50 Vdc, Ie = 0, Ta = 150°C) 


— 

— 

10 

/LtAdc 

Emitter Cutoff Current (Vbe = 3.0 Vdc, Ic = 0) 

Iebo 

- 

- 

10 

nAdc 


ON CHARACTERISTICS 


DC Current Gain(2) 

dC = 10 )u,Adc, VcE = 10 Vdc) MD3410 

(Ic = 100 /xAdc, VcE = 10 Vdc) Both Devices 

(Ic = 1-0 mAdc, VcE = 10 Vdc) Both Devices 

(Ic = 10 mAdc, VcE = 10 Vdc) Both Devices 

hpE 

20 

30 

40 

50 

40 

50 

60 

65 

100 

120 

160 

200 


Collector-Emitter Saturation Voltage (Ic = 10 mAdc, Ib = 1.0 mAdc) 

VCE(sat) 

— 

0.09 

0.15 

Vdc 

Base-Emitter Saturation Voltage dc = 10 mAdc, Ib = 10 mAdc) 

VBE(sat) 

— 

0.7 

0.85 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 20 mAdc, VcE = 20 Vdc, f = 100 MHz) 

fT 

200 

250 

— 

MHz 

Output Capacitance (VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Cobo 

— 

3.5 

8.0 

PF 

Input Capacitance (Vbe = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

Qbo 

— 

15 

25 

PF 


MATCHING CHARACTERISTICS 


Base-Emitter Voltage Differential Change Due to Temperature 

(Vbei-VbE2I 




mVdc 

dc = 100 fiAdc, Vce = 10 Vdc, 

MD3409 


— 

— 

1.6 


Ta = -55Xto +25X) 

MD3410 


— 

— 

0.8 


dc = 100 AAdc, Vce = 10 Vdc, 

MD3409 


— 

— 

2.0 


Ta = +25°Cto +125°C) 

MD3410 


— 

— 

1.0 



(2) Pulse Test: Pulse Width ^ 300 jxs, Duty Cycle 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


3-329 








MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

1.5 

Adc 




All Die 




One Die 

Equal Power 


Total Device Dissipation 

Pd 



mW 

@ Ta = 25°C 





IVID3467 


600 

650 


MQ3467 


400 

600 


Derate above 25°C 




mW/°C 

MD3467 


3.42 

3.7 


MQ3467 


2.28 

3.42 


Total Device Dissipation 

Pd 



Watts 

@ Tc = 25°C 





MD3467 


2.1 

3.0 


MQ3467 


1.0 

4.0 


Derate above 25°C 




mW/°C 

MD3467 


12 

17.2 


MQ3467 


5.71 

22.8 


Operating and Storage Junction 

Tj/ Tgtg 

-65 to -K200 

X 

Temperature Range 






MD3467 

MQ3467 


MD3467 

CASE 654-07, STYLE 1 
DUAL 



MQ3467 

CASE 607-04, STYLE 1 
QUAD 



AMPLIFIER TRANSISTORS 

PNP SILICON 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

Ail Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Case 

R0JC 



°C/W 

MD3467 


83.3 

58.3 


MQ3467 


175 

43.8 


Thermal Resistance, Junction to Ambient 

R0Ja(i) 



°c/w 

MD3467 


292 

270 


MQ3467 


438 

292 




Junction to 

Junction to 




Ambient 

Case 


Coupling Factor 




% 

MD3467 


85 

40 


MQ3467 (Q1-Q2) 


57 

0 


(Q1-Q3 or Q1-Q4) 


55 

0 




(1) R^ja is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ [ Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

40 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
(Iq = 10 /iiAdc, Ie = 0) 

V(BR)CBO 

40 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 /lAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 30 Vdc, Ie = 0, Ta = 100°C) 

ICBO 

— 

— 

10 

/xAdc 

Emitter Cutoff Current 
(Vbe = 3.0 Vdc, Ic = 0) 

Iebo 

— 

1 

100 

nAdc 
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“ON" VOLTAGE (VOLTS) CURRENT GAIN 


ON CHARACTERISTICS 

DC Current Gain 

dc = 500 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage 
dc = 500 mAdc, Ig = 50 mAdc) 

Base-Emitter Saturation Voltage 
(IC = 500 mAdc, Ib = 50 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product 

dc = 50 mAdc, Vqe = 10 Vdc> f = 100 MHz) 

Output Capacitance 

(VCB = 10 Vdc, Ie = 0, f = 140 kHz) 

Input Capacitance 

(VBE = 0-5 Vdc, Ic = 0, f = 140 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time (V^c = 30 Vdc, Vbe = 2.0 Vdc, 

Rise Time 'C = 000 mAdc, Ibi = 50 mAdc) 

Storage Time (V^c = 30 Vdc, Ic = 500 mAdc, 

Fall Time ’BI = IB2 = 50 mAdc) 

(2) Pulse Test: Pulse Width < 300 /as. Duty Cycle ^ 2.0%. 


FIGURE 1 - DC CURRENT GAIN 
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FIGURE 3 - "ON" VOLTAGE 
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0.2 I ^ VcE(sat) @ IC/lB = 10 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

65 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

Vdc 

Collector Current — Continuous 

ic 

1.0 

Adc 




Ail Die 




One Die 

Equal Power 


Total Device Dissipation 

Pd 



mW 

@ Ta = 25°C 





MD3725 


600 

650 


MD3725F 


350 

400 


MQ3725 


400 

600 


Derate above 25°C 




mwrc 

MD3725 


3.42 

3.7 


MD3725F 


2.0 

2.28 


MQ3725 


2.28 

3.42 


Total Device Dissipation 

Pd 



Watts 

@ Tc = 25°C 





MD3725 


2.1 

3.0 


MD3725F 


1.25 

2.5 


MQ3725 


1.0 

4.0 


Derate above 25°C 




mW/°C 

MD3725 


12 

17.2 


MD3725F 


7.15 

14.3 


MQ3725 


5.71 

22.8 


Operating and Storage Junction 

Tj/ Tstg 

-65 to -1-200 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

Ail Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Case 

R0JC 



X/W 

IVID3725 


83.3 

58.3 


MD3725F 


140 

70 


MQ3725 


175 

43.8 


Thermal Resistance, Junction to Ambient 

PWAd) 



°c/w 

MD3725 


292 

270 


MD3725F 


500 

438 


MQ3725 


433 

292 




Junction to 

Junction to 




Ambient 

Case 


Coupling Factor 




% 

MD3725 


85 

40 


MD3725F 


75 

0 


MQ3725 (Q1-Q2) 


57 

0 


(Q1-Q3 orQ1-Q4) 


55 

0 



(1) R^ja 's measured with the device soldered into a typical printed circuit board. 


IVID3725, 

IVIQ3725 

MD3725 

CASE 654-07, STYLE 1 
DUAL 


F 



MD3725F 

CASE 610A-04, STYLE 
DUAL 



MQ3725 

CASE 607-04, STYLE 1 
QUAD 



AMPLIFIER TRANSISTORS 

NPN SILICON 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ [ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

40 

— 

— 

Vdc 

Collector-Emitter Breakdown Voltage 
dC = 10 AAdc, Vbe = 0) MD3725F 

V(BR)CES 

65 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 100 /uAdc, Ie = 0) 

V(BR)CB0 

65 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 /iAdc, Ic = 0) 

V(BR)EBO 

6.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 40 Vdc, Ie = 0) 

(VcB = 40 Vdc, Ie = 0, Ta = 100X) 

•CBO 

- 

0.12 

1,7 

120 

fxAdc 

fxAdc 
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MD3725, F, MQ3725 


ELECTRICAL CHARACTERISTICS (continued) (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Typ | Max [ Unit 


ON CHARACTERISTICS(2) 


DC Current Gain 

dC = 100 mAdc, VcE = 10 Vdc) 
dC = 500 mAdc, Vqe = 2.0 Vdc) 

hPE 

50 

30 

- 

150 

— 

Collector-Emitter Saturation Voltage 

VcE{sat) 




Vdc 

dC = 100 mAdc, Ib = 10 mAdc) 


— 

0.19 

0.26 


dC = 500 mAdc, Ib = 50 mAdc) 


— 

0.30 

0.45 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

(IC = 100 mAdc, Ib = 10 mAdc) 


— 

— 

0.86 


(Iq = 500 mAdc, Ib = 50 mAdc) 


0.80 

— 

1.2 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) 

fT 

200 

— 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

1 

— 

— 

10 

pF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 

Cibo 

— 

— 

65 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 30 Vdc, Ic = 500 mAdc, Ibi = 50 mAdc, VBE(off) 3.8 Vdc) 

Ion 

— 

20 

45 

ns 

Turn-Off Time 

(Vcc = 30 Vdc, Ic = 500 mAdc, Ibi = Ib 2 30 mAdc) 

toff 

— 

50 

75 

ns 


(2) Pulse Test: Pulse Width ^ 300 fis, Duty Cycle ^ 2.0%. 


TYPICAL DC CHARACTERISTICS 



10 20 50 100 200 300 500 700 1000 


IC. COLLECTOR CURRENT <mA) 



0.5 1.0 2.0 5.0 10 20 50 100 200 500 

IB, BASE CURRENT (mA) 


FIGURE 2 - "ON" VOLTAGES 



10 20 30 50 100 200 300 500 1000 

IC. COLLECTOR CURRENT (mA| 
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t, TIME (ns) fj. CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 


MD3725, F, MQ3725 

TYPICAL DYNAMIC CHARACTERISTICS 



4.0 6 0 10 20 40 60 100 200 400 


FIGURE 6 - CAPACITANCE 



Ic, COLLECTOR CURRENT (mA) 


Vr, REVERSE VOLTAGE (VOLTS) 




10 20 30 50 100 200 300 500 1000 10 20 30 50 100 200 300 500 1000 


Ic, COLLECTOR CURRENT (mA) 


Ic, COLLECTOR CURRENT (mA) 


FIGURE 9 - SWITCHING TIME TEST CIRCUIT 


-3.8 V -E30 V 



FIGURE 10 - COLLECTOR CUTOFF CURRENT 



0 20 40 60 80 100 120 140 160 180 200 

Tj, JUNCTION TEMPERATURE (OC) 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

•c 

1.5 

Adc 




All Die 




One Die 

Equal Power 


Total Device Dissipation 

Pd 



mW 

@ Ta = 25°C 





MD3762 


600 

650 


MD3762F 


350 

400 


MQ3762 


400 

600 


Derate above 25°C 




mW/X 

MD3762 


3.42 

3.7 


MD3762F 


2.0 

2.28 


MQ3762 


2.28 

3.42 


Total Device Dissipation 

Pd 



Watts 

@ Tc = 25°C 





MD3762 


2.1 

3.0 


MD3762F 


1.25 

2.5 


MQ3762 


1.0 

4.0 


Derate above 25°C 




mW/X 

MD3762 


12 

17.2 


MD3762F 


7.15 

14.3 


MQ3762 


5.71 

22.8 


Operating and Storage Junction 

Tj, Tstg 

-65 to -1-200 

X 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

Ail Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Case 

R0JC 



X/W 

MD3762 


83.3 

58.3 


MD3762F 


140 

70 


MQ3762 


175 

43.8 


Thermal Resistance, Junction to Ambient 

R0Ja(i) 



x/w 

IVID3762 


292 

270 


MD3762F 


500 

438 


MQ3762 


438 

292 




Junction to 

Junction to 




Ambient 

Case 


Coupling Factor 




% 

MD3762 


85 

40 


MD3762F 


75 

0 


MQ3762 (Q1-Q2) 


57 

0 


(Q1-Q3 or Q1-Q4) 


55 

0 



(1) R^ja is measured with the device soldered into a typical printed circuit board. 


MD3762, F 
MQ3762 


MD3762 

CASE 654-07, STYLE 1 
DUAL 



MD3762F 

CASE 610A-04, STYLE 
DUAL 



MQ3762 

CASE 607-04, STYLE 1 
QUAD 



AMPLIFIER TRANSISTORS 

PNP SILICON 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ [ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 

V(BR)CE0 

40 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 10 /xAdc, Ie = 0) 

V(BR)CBO 

40 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
dE = 10 /iAdc, Ic = 0) 

V(BR)EB0 

5.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 30 Vdc, Ie = 0) 

(VcB = 30 Vdc, Ie = 0, Ta = 100X) 

ICBO 

- 

- 

100 

10 

nAdc 

/xAdc 

Emitter Cutoff Current 
(Vbe = 3.0 Vdc, Ic = 0) 

Iebo 

— 

— 

100 

nAdc 
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'ON” VOLTAGE (VOLTS) hpE, CURRENT GAIN 


MD3762, F, MQ3762 


ELECTRICAL CHARACTERISTICS (continued) (Ta 
Characteristic 

ON CHARACTERISTICS(2) 


25°C unless otherwise noted.) 

I Symbol 


DC Current Gain 
dC = 1.0 Adc, VcE = 2.0 Vdc) 

I^FE 

20 

40 

- 


- 

Collector-Emitter Saturation Voltage 
dC = 1.0 Adc, Ib = 0.1 Adc) 

VCE(sat) 

— 

0.52 

1.0 



Base-Emitter Saturation Voltage 
dC = 1.0 Adc, Ib = 0.1 Adc) 

VBEIsat) 

1 

1.05 

1.4 




SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, Vqe = 10 Vdc, f = 100 MHz) 


150 

220 

- 



Output Capacitance 
(VcB = 10 Vdc, Ie = 0 

f = 140 kHz) 

Cobo 

— 

8.5 

20 


PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 140 kHz) 

o 

6 

— 

22 

80 


■ 

SWITCHING CHARACTERISTICS 


Delay Time 

Rise Time 

Storage Time 

Fall Time 

(Vcc = 30 Vdc, VBE(off) = 2.0 Vdc, 

Ic = 1.0 Adc, Ibi = 100 mAdc) 

(Vcc = 30 Vdc, Ic = 1.0 Adc, 

Ibi = IB2 = 100 mAdc) 

td 

tr 

Is 

tf 

- 

5.0 

18 

45 

10 

30 

80 

30 

— 

I 


(2) Pulse Test: Pulse Width ^ 300 /jls, Duty Cycle 2.0%. 

(3) fj is defined as the frequency at which |hfe| extrapolates to unity. 


FIGURE 1 - DC CURRENT GAIN 


FIGURE 2 - COLLECTOR SATURATION REGION 



1.0 2.0 5.0 10 20 50 100 200 500 1000 

IC, COLLECTOR CURRENT (mA) 


SJ 10 

h- 

—1 


rrn 

O 

> 

uj 0.8 


l■■ll 

o 



o 



£ 

j- 



i- 

S 04 


1 

OC 

o 


ISBW 

S 

Zj 0.2 



o 

o 





2.0 5.0 10 20 

IB, BASE CURRENT (mA) 


FIGURE 3 - "ON" VOLTAGE 



0.8 1 l-VBE(sat)@IC/lB=.10 


VBE(on)@VcE=1.0V| 


0-2 I 1- VcE(sat) @ IC/lB = 10 


50 70 100 200 300 500 700 1000 

IC, COLLECTOR CURRENT (mA) 


FIGURE 4 - TEMPERATURE COEFFICIENTS 

' . l. ' ' i m i i i i n 



20 30 50 70 100 200 300 500 700 1000 

IC, COLLECTOR CURRENT (mA) 
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MD3762, F, MQ3762 

FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 


5 0.6-^^ 

5 0.4 Tj = 200OC- 


^ —^—Bonding Wire Limit | 

■ Second Breakdown Limit 


I (Note; Thermal Limitations need to be i 
incorporated in SOA Curve.) - 


FIGURE 6 - TURN<ON TIME 


■ 

KMI 

^IK! 

3 Hii 



^|g[| 

■ 

KM 

■ 

m 

m 

■■ 

■ID 


4.0 6.0 8.0 10 20 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


IC/lB*10 I 
I Tj>25'oC j 


Ctr@Vcc = 30V 

WTtTr 

V /tr@VcC=10V 


30 50 70 100 200 300 500 700 1.0 k 

IC, COLLECTOR CURRENT (mA) 


FIGURE 7 - RISE AND FALL TIME 







— 
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Vci 
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u 
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Tj- 25 «C 
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Tj- 150 ®C 


10 20 30 50 70 100 200 300 500 700 1.0 k 

COLLECTOR CURRENT (mA) 


FIGURE 8 - STORAGE TIME 


Tj = 25°C 

f f j ■ 

Tj= 150OC 


FIGURE 9- FALL TIME 


Tj = 250C 

1 — 

Tj = 150OC 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

12 

Vdc 

Collector-Base Voltage 

VCBO 

12 

Vdc 

Emitter-Base Voltage 

Vebo 

4.0 

Vdc 

Collector Current — Continuous 

ic 

50 

mAdc 


One Die 

Both Die 


Total Device Dissipation @ Ta = 25°C 

Pd 

550 

600 

mW 

Derate above 25°C 


3.14 

3.42 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

pd 

1.4 

2.0 

Watts 

Derate above 25°C 


8.0 

11.4 

mW/°C 

Operating and Storage Junction 

Tj» Tstg 

— 65 to + 200 

X 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Junction to 
Ambient 

Junction to 
Case 

Unit 

Thermal Resistance 

One Die 

319 

125 

X/W 

Effective, Both Die 

292 

87.5 


Coupling Factor 

83 

40 

% 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (Ic = 10 mAdc, Ig = 0) 

V(BR)CEO 

12 

- 

Vdc 

Collector-Base Breakdown Voltage (Ic = 10 /xAdc, Ie = 0) 

V(BR)CBO 

12 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ig = 10 /LtAdc, Ic = 0) 

V(BR)EBO 


— 

Vdc 

Collector Cutoff Current (VcE = 12 Vdc, Ib = 0) 

ICEO 


1.0 

)uAdc 

Collector Cutoff Current (VcB = 10 Vdc, Ip = 0) 

ICBO 

— 

10 

nAdc 

ON CHARACTERISTICS 

DC Current Gain dc = 10 mAdc, VcE = 1-0 Vdc) dc = 30 mAdc, VcE = 2.0 Vdc) 

hpE 

30 

20 

200 

— 

Collector-Emitter Saturation Voltage (Ic = 10 mAdc, Ib = 1.0 mAdc) 

VcE(sat) 

— 

0.3 

Vdc 

Base-Emitter Saturation Voltage (Ic = 10 mAdc, Ib = 1.0 mAdc) 

VBE(sat) 

- 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (Ic = 0.5 mAdc, VcE = 4.0 Vdc, f = 100 MHz) 
dc = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

It 

1.0 

1.5 



GHz 

Output Capacitance (Vcb = 3.0 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

— 

2.5 

PF 

Input Capacitance (Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 

o 

XI 

6 

— 

2.5 

PF 

Collector Base Time Constant (Ic = 5.0 mAdc, VcE = 4.0 Vdc, f = 31.8 MHz) 

rb Cq 

— 

35 

ps 

dc = 10 mAdc, VcE = 10 Vdc, f = 31.8 MHz) 


— 

30 



MATCHING CHARACTERISTICS (MD4261 only) 


DC Current Gain Ratio(l) 

dc = 10 mAdc, VcE = 1.0 Vdc) 

hFEl/hFE2 

0.8 

1.0 

— 

Base-Emitter Voltage Differential 
dc = lOmAdc, VcE = 1.0 Vdc) 

|Vbei-Vbe2I 

— 

10 

mVdc 


(1) The lowest hpE reading is taken as hpEl for this ratio. 
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MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Iq = 3.0 mAdc, Ib = 0) 

V(BR)CEO 

15 

— 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 10 /xAdc, Ie = 0) 

V(BR)CBO 

20 


— 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 10,/xAdc, Iq = 0) 

V(BR)EBO 

5.0 

— 

— 

Vdc 

Collector Cutoff Current (Vcb = 15 Vdc, Ie = 0) 

ICBO 

— 

— 

0.010 

/iAdc 

(VcB = 15 Vdc, Ie = 0, Ta = 150X) 


— 

— 

1.0 



ON CHARACTERISTICS 


DC Current Gain (Iq = 3.0 mAdc, Vqe = 1-0 Vdc) 

hpE 

20 

50 

— 

— 

Collector-Emitter Saturation Voltage (Iq = 10 mAdc, Ib = 1.0 mAdc) 

VcE(sat) 

— 

— 

0.4 

Vdc 

Base-Emitter Saturation Voltage (Iq = 10 mAdc, Ib = 1.0 mAdc) 

VBE(sat) 

— 

— 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 4.0 mAdc, Vqe = 10 Vdc, f = 100 MHz) 

fT 

600 

900 

— 

MHz 

Output Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 140 kHz) 

Cobo 

— 


1.7 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 140 kHz) 

Cibo 

— 

— 

2.0 

PF 

Noise Figure 

dC = 1.0 mAdc, VcE = 6.0 Vdc, f = 60 MHz, Rs = 400 ohms) 

NF 

— 

3.0 

i 

6.0 

dB 


FUNCTIONAL TEST 


Amplifier Power Gain 

Gpe 

15 

20 

— 

dB 

dC = 6.0 mAdc, Vqb = 12 Vdc, Rq = Rl = 50 ohms, f = 200 MHz) 






MATCHING CHARACTERISTICS 


DC Current Gain Ratio(l) 
dC = 4.0 mAdc, Vqe = 10 Vdc) 

MD5000 

MD5000A 

MD5000B 

hFEl/hFE2 

0.9 

0.8 

0.7 

1.0 

1.0 


Base-Emitter Voltage Differential 


|Vbei-Vbe2I 




mVdc 

(Ic = 4.0 mAdc, VcE = 10 Vdc) 

MD5000 


— 

5.0 




MD5000A 


— 

— 

5.0 



MD5000B 


— 

— 

10 


Base-Emitter Voltage Differential Gradient 


A(Vbei-VbE2) 




aV/X 

dC = 4.0 mAdc, VcE = 10 Vdc, Ta = -55 to +125°C) 

MD5000 

ATa 

— 

10 

— 



MD5000A 


— 

— 

10 



MD5000B 


— 

— 

20 



(1) The lowest hpg reading is taken as hpEI for this ratio. 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

Vdc 

Collector-Base Voltage 

VCBO 

20 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current Continuous 

Ic 

50 

mAdc 


One Side 

Both 

Sides 


Total Device Dissipation @ Ta = 25X 
Derate above 25X 

Pd 

300 

1.7 

400 

2.3 

mW 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj, Tgtg 

-65 to -1-200 

X 


MD5000, A, B 


CASE 654-07, STYLE 1 



Emitter 3 5 Emitter 


DUAL 

AMPLIFIER TRANSISTORS 

PNP SILICON 


Refer to 2N3307 for graphs. 
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MAXIMUM RATINGS 


Rating 

Symbol 

MD6003 

MD6003F 

MD6001,F 

MD6002,F 

MQ6001^ 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Collector-Base Voltage 

VCBO 

50 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

500 

mAdc 




All Die 





Equal 




One Die 

Power 


Total Device Dissipation @ Ta = 25°C 

Pd 



mW 

MD6001,2,3 


575 

625 


MD6001F,2F 


350 

400 


MQ6001 


400 

600 


Derate above 25°C 





MD6001,2,3 


3.29 

3.57 

mW/X 

MD6001F,2F 


2.0 

2.28 


MQ6001 


2.28 

3.42 


Total Device Dissipation @Tq = 25°C 

Pd 



Watts 

MD6001,2,3 


1.8 

2.5 


MD6001F,2F 


1.0 

2.0 


MQ6001 


0.9 

3.6 


Derate above 25°C 




mW/°C 

MD6001,2,3 


10.3 

14.3 


MD6001F,2F 


5.71 

11.4 


MQ6001 


5.13 

20.5 


Operating and Storage Junction 

Temperature Range 

Tj» Tgtg 

-65 to -1-200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

All Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Case 

R6IJC 



°C/W 

MD600 1,2,3 


97 

70 


MD6001F,2F 


175 

87.5 


MQ6001 


195 

48.8 


Thermal Resistance, Junction to Ambient 

P^JAd) 



X 

MD600 1,2,3 


304 

280 


MD6001F,2F 


500 

438 


MQ6001 


438 

292 




Junction to 

Junction to 




Ambient 

Case 


Coupling Factor 




% 

MD6001,2,3 


84 

44 


MD6001F,2F 


75 

0 


MQ6001 (Q1-Q2) 


57 

0 


(Q1-Q3 or Q1-Q4) 


55 

0 



(1) R^ja is measured with the device soldered into a typical printed circuit board. 


IVID6001, F MD6002, F 
IVID6003, MQ6001 

MD6001, 

MD6002, MD6003 
CASE 654-07, STYLE 5 
DUAL 



MD6001F, MD6002F 
CASE 610A-04, STYLE 1 
DUAL 
MQ6001 

CASE 607-04, STYLE 1 
QUAD 


COMPLEMENTARY 
GENERAL PURPOSE 
TRANSISTORS 

NPN/PNP SILICON 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc,.lB = 0) 

V(BR)CEO 

30 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 




Vdc 

dC = 10 AAdc, Ie = 0) MD6003 


50 

— 

— 


MD6001,F, MD6002,F, MQ6001, MQ6002 


60 

— 

— 


Emitter-Base Breakdown Voltage 

V{BR)EBO 

5.0 

— 

— 

Vdc 

(Ie = 10 fiAdc, Ic = 0) 






Base Cutoff Current 

Ibev 




nAdc 

(VcE = 30 Vdc, Vbe = 3.0 Vdc) MD6003 


— 

— 

50 


(VcE = 50 Vdc, Veb = 3.0 Vdc) MD6001,F,2,F, 


— 

— 

30 
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MD6001, F, MD6002, F, MD6003, MQ6001 


ELECTRICAL CHARACTERISTICS (continued) (T/\ = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Collector Cutoff Current 

'CEV 





(VcE = 30 Vdc, VBE(off) = 3.0 Vdc) MD6003 


— 

— 

30 

nAdc 

(VcE = 50 Vdc, VEB(off) = 3.0 Vdc) MD6001,F,2,F, MQ6001 


— 

— 

20 

nAdc 

(VcE = 50 Vdc, VEB(off) = 3.0 Vdc, MD6001,F,2,F, MQ6001 


— 

— 

30 

fxAdc 

Ta = 150°C) 






Collector Cutoff Current 

'CBO 

— 

— 

100 

nA 

(VcB = 40 Vdc, Ie = 0) MD6003,F 

1 






ON CHARACTERISTICSIZ) 


DC Current Gain 


hFE 






dC = 0.1 mAdc, VcE = 10 Vdc) 

MD6001,F, MQ6001 


20 

80 

— 



MD6002,F 


35 

70 

— 


dC = 1.0 mAdc, VcE = 10 Vdc) 

MD6001,F, MQ6001 


25 

90 





MD6003 


40 

70 

— 



MQ6002,F 


50 

100 

— 


(Ic = 10 mAdc, VcE = 10 Vdc) 

MD6001,F, MQ6001 


35 

70 





MD6002,F 


75 

110 

— 


dC = 150 mAdc, Vce = 10 Vdc) 

MD6001,F, MQ6001 


40 



120 



MD6003 


70 

110 

— 



MD6002,F 


100 

200 

300 


dc = 300 mAdc, Vce = 10 Vdc) 

MD6001,F, MQ6001 


20 







All Other Devices 


30 

90 

— 


dC = 150 mAdc, Vce = 10 Vdc) 

MD6001,F, MQ6001 


20 

80 





MD6002,F 


50 

— 

— 


Collector-Emitter Saturation Voltage 


VcE(sat) 




Vdc 

dc = 150 mAdc, Ib = 15 mAdc) 

All Devices 


— 

0.3 

0.4 


dc = 300 mAdc, Ib = 30 mAdc) 

MD6001, MD6002,F, MQ6001 


— 

0.59 

1.4 


Base-Emitter Saturation Voltage 


VBE(sat) 




Vdc 

dc = 150 mAdc, Ib = 15 mAdc) 

All Devices 

— 

1.02 

1.3 


(Ic = 300 mAdc, Ib = 30 mAdc) 

MD6001, MD6002,F, MQ6001 


— 

1.25 

2.0 



(2) Pulse Test: Pulse Width ^ 300 ns, Duty Cycle ^ 2.0%. 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 


Ic. COLLECTOR CURRENT (mA) 
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“ON" VOLTAGE (VOLTS) 


MD6001, F, MD6002, F, MD6003, MQ6001 



0.5 1.0 2.0 5.0 10 20 50 100 200 500 

Ic. COLLECTOR CURRENT (mA) 


FIGURE 3 - TEMPERATURE COEFFICIENTS 
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0.5 1.0 2.0 5.0 10 20 50 100 200 500 

Ic, COLLECTOR CURRENT (mA) 


FIGURE 4 - FREQUENCY EFFECTS 


NOISE FIGURE 

VcE = 10 V.Ta = 25°C 

FIGURE 5 - SOURCE RESISTANCE EFFECTS 




RS, SOURCE RESISTANCE (k OHMS) 


FIGURE 6 - CURRENT-GAIN BANDWIDTH PRODUCT FIGURE 7 - CAPACITANCE 
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t., STORAGE TIME (ns) TIME (ns) 


MD6001, F, MD6002, F, MD6003, MQ6001 


FIGURES - TURN ON TIME FIGURES - CHARGE DATA 





5.0 7.0 10 20 30 50 70 100 200 300 500 

Ic, COLLECTOR CURRENT (mA) 



5.0 7.0 10 20 30 50 70 100 200 300 500 

Ic. COLLECTOR CURRENT (mA) 


FIGURE 12 - DELAY AND RISE 
TIME TEST CIRCUIT 


FIGURE 13 - STORAGE AND FALL 
TIME TEST CIRCUIT 


P.W. > 200 ns 
tr< 2.0 ns 
Duty Cycle < 2.0% 


“LT 


-30 



-30 V 
1 200 



For NPN Test Circuits, Reverse 
Diode and all Voltage Polarities. 
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MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 

(IC = 10 mAdc, Ib = 0) 

V(BR)CEO 

30 

— 

- 

Vdc 

Collector-Base Breakdown Voltage 
(IC = 10 juAdc, Ie = 0) 

V(BR)CBO 

50 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(IE = 10 AiAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 40 Vdc, Ie = 0) 

■CBO 

— 

— 

100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain(2) 

(Ic - 1.0 mAdc, VcE = 10 Vdc) 
dC = 150 mAdc, Vqe = 10 Vdc) 
dC = 300 mAdc, Vqe = 10 Vdc) 

hPE 

40 

70 

30 

60 

80 

50 

- 


Collector-Emitter Saturation Voltage 
(Ic = 150 mAdc, Ib = 15 mAdc) 

VCE{sat) 

— 

0.2 

0.4 

Vdc 

Base-Emitter Saturation Voltage 
(Ic =150 mAdc, Ib = 15 mAdc) 

VBE(sat) 

— 

0.95 

1.3 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 20 mAdc, Vqe = 20 Vdc, f = 100 MHz) 

fT 

200 

250 

- 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

— 

3.5 

8.0 

PF 

Input Capacitance 

(Veb = 2.0 Vdc, Ic = 0, f = 100 kHz) 

^ibo 

— 

15 

30 

PF 


(2) Pulse Test: Pulse Width ^ 300 /its, Duty Cycle ^ 2.0%. 


Characteristic 

Symbol 

One Die 

Both Die 

Unit 

Thermal Resistance, Junction to Case 

R^JC 

97 

70 

X/W 

Thermal Resistance, Junction to 
Ambient 

RftjAd) 

304 

280 

x/w 


Junction to 
Ambient 

Junction to 
Case 


Coupling Factor 

84 

44 

% 


(1) Raja is measured with the device soldered into a typical printed circuit board. 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Collector-Base Voltage 

VCBO 

50 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

'c 

500 

mAdc 


One Die 

Both Die 


Total Device Dissipation 

Pd 




@ Ta = 25X 


575 

625 

mW 

Derate above 25X 


3.29 

3.57 

mW/X 

Total Device Dissipation 

Pd 




@ Tc = 25X 


1.8 

2.5 

Watts 

Derate above 25'’C 


10.3 

14.3 

mW/X 

Operating and Storage Junction 

Tj' Tstg 

-65 to +200 

X 

Temperature Range 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Co Hector- Base Voltage 

VCBO 

50 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

600 

mAdc 


One Die 

All Die 


Total Device Dissipation @ Ta = 25°C 

pd 



mW 

MD7001 


600 

650 


MD7001F 


350 

400 


MQ7001 


400 

600 


Derate above 25°C 




mW/°C 

MD7001 


3.42 

3.7 


MD7001F 


2.0 

2.28 


MQ7001 


2.28 

3.42 


Total Device Dissipation @ Tq = 25°C 

Pd 



Watts 

MD7001 


2.1 

3.8 


MD7001F 


1.25 

2.5 


MQ7001 


1.0 

4.0 


Derate above 25°C 




mW/X 

MD7001 


12 

17.2 


MD7001F 


7.15 

14.3 


MQ7001 


5.71 

22.8 


Operating and Storage Junction 

Tj/ Tstg 

-65 to +200 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

AH Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Case 

R0JC 



°C/W 

MD7001 


83.3 

58.3 


MD7001F 


140 

70 


l\/IQ7001 


175 

43.8 


Thermal Resistance, Junction to Ambient 

R0Ja(i) 



x/w 

MD7001 


292 

270 


MD7001F 


500 

438 


MQ7001 


438 

292 




Junction to 

Junction to 




Ambient 

Case 


Coupling Factor 




% 

MD7001 


85 

40 


MD7001F 


75 

0 


MQ7001 (Q1-Q2) 


57 

0 


(Q1-Q3 or Q1-Q4) 


55 

0 



(1) Rqja is measured with the device soldered into a typical printed circuit board. 


IVID7001, F 
MQ7001 

MD7001 

CASE 654-07, STYLE 1 

DUAL 7 

MD7001F 

CASE 610A-04, STYLE 1 
DUAL 



MQ7001 

CASE 607-04, STYLE 1 

QUAD 14 

AMPLIFIER TRANSISTORS 

PNP SILICON 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dc = 10 mAdc, Ib = 0) 

V(BR)CEO 

30 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
dc = 10 fiAdc, Ie = 0) 

V(BR)CBO 

50 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 ^Adc, Ic = 0) 

V(BR)EBO 

5.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 40 Vdc, Ie = 0) 

ICBO 

— 

— 

100 

nAdc 


ON CHARACTERISTICS(2) 


DC Current Gain 
dc = 1.0 mAdc, VcE = 10 Vdc) 
dc = 150 mAdc, VcE = 10 Vdc) 
dc = 300 mAdc, Vce = 10 Vdc) 

hFE 

40 

70 

30 

50 

90 

60 

- 


Collector-Emitter Saturation Voltage 
dc = 150 mAdc, Ib = 15 mAdc) 

VCE(sat) 

1 

0.25 

0.4 

Vdc 
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MD7001, F, MQ7001 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Base-Emitter Saturation Voltage 
dC = 150 mAdc, Ib = 15 mAdc) 

VBE(sat) 


0.88 

1.3 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 20 mAdc, Vqe = 20 Vdc, f = 100 MHz) 

fT 

200 

320 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

— 

5.8 

8.0 

PF 

Input Capacitance 

(Vbe = 2.0 Vdc, Ic = 0, f = 100 kHz) 

o 

6 

— 

16 

30 

PF 


(2) Pulse Test: Pulse Width ^ 300 fis, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

50 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

30 

mAdc 




Both Die 




One Die 

Equal Power 


Total Device Dissipation 

Pd 




@ Ta = 25°C 


575 

625 

mW 

Derate above 25°C 


3.29 

3.57 

mW/°C 

Total Device Dissipation 

Pd 




@ Tc = 25X 


1.8 

2.5 

Watts 

Derate above 25°C 


10.3 

14.3 

mW/°C 

Operating and Storage Junction 

Tj/ Tstg 

-65 to -f-200 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

Both Die 
Equal Power 

Unit 

Thermal Resistance, 

Junction to Case 

R0JC 

97 

70 

°C/W 

Thermal Resistance, 

Junction to Ambient 

R^JAd) 

304 

280 

°c/w 



Junction to 
Ambient 

Junction to 
Case 


Coupling Factors 


84 

44 

% 


(1) R^JA is measured with the device soldered into a typical printed circuit board. 


IVID7002, A, B 

CASE 654-07, STYLE 1 



Emitter 3 5 Emitter 


DUAL 

AMPLIFIER TRANSISTORS 

NPN SILICON 


Refer to 2N2919 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) (Iq = 10 mAdc, I3 = 0) 

V{BR)CEO 

40 

— 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 10 /tAdc, Ie = 0) 

V{BR)CBO 

50 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage (l^ = 10 /xAdc, Iq = 0) 

V(BR)EBO 

5.0 

— 

— 

Vdc 

Collector Cutoff Current (VcB = 30 Vdc, Ig = 0) 

ICBO 

— 

— 

100 

nAdc 

ON CHARACTERISTICS 

DC Current Gain(2) dc = 100 ixAdc, Vqe = "lO Vdc) 

hpE 

40 

130 

— 

— 

dC = 10 mAdc, Vce = 10 Vdc) 


50 

170 

— 


Collector-Emitter Saturation Voltage (Iq = 10 mAdc, Ib = 1.0 mAdc) 

VCE(sat) 

— 

0.2 

0.35 

Vdc 

Base-Emitter Saturation Voltage (Iq = 10 mAdc, Ib = 1.0 mAdc) 

VBE(sat) 

— 

0.8 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dc = 5.0 mAdc, VcE = 20 Vdc, f = 100 MHz) 

fT 

200 

260 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

f-obo 

— 

2.6 

6.0 

PF 

Input Capacitance 

(Vbe = 2.0 Vdc, Ic = 0, f = 100 kHz) 

Qbo 

— 

2.3 

8.0 

PF 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(3) 
dc = 100 AAdc, VcE = 10 Vdc) 

MD7002A 

MD7002B 

hFEl/hFE2 

0.75 

0.85 

- 

1.0 

1.0 

— 

Base-Emitter Voltage Differential 
dc = 100 AAdc, Vce = 10 Vdc) 

MD7002A 

|Vbei-Vbe 2I 


_ 

25 

mVdc 


MD7002B 


— 

— 

15 



(2) Pulse Test; Pulse Width ^ 300 /xs, Duty Cycle =5 2.0%. 

(3) The lowest hpE reading is taken as hpEl for this ratio. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

50 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

50 

mAdc 




All Die 




One Die 

Equal Power 


Total Device Dissipation 

Pd 



mW 

@ Ta = 25°C 





MD7003AB 


550 

600 


MD7003,AF 


350 

400 


MQ7003 


400 

600 


Derate above 25'‘C 




mW/°C 

MD7003AB 


3.14 

3.42 


MD7003,AF 


2.0 

2.28 


MQ7003 


2.28 

3.42 


Total Device Dissipation 

Pd 



Watts 

@ Tc = 25°C 





MD7003AB 


1.4 

2.0 


MD7003,AF 


0.7 

1.4 


MQ7003 


0.7 

2.8 


Derate above 25°C 




mW/°C 

MD7003AB 


8.0 

11.4 


MD7003,AF 


4.0 

8.0 


MQ7003 


4.0 

16 


Operating and Storage Junction 

Tj/ Tstg 

-65 to +200 

X 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

All Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Case 

R0JC 



X/W 

MD7003,A,B 


125 

87.5 


MD7003 


250 

125 


MQ7003 


250 

62.6 


Thermal Resistance, Junction to Ambient 

R0Ja(i) 



x/w 

MD7003,A,B 


319 

292 


MD7003 


500 

438 


MQ7003 


438 

292 




Junction to 

Junction to 




Ambient 

Case 


Coupling Factor 




% 

MD7003,A,B 


83 

40 


MD7003 


75 

0 


MQ7003 (Q1-Q2) 


57 

0 


(Q1-Q3 or Q1-Q4) 


55 

0 



(1) R^ja is measured with the device soldered into a typical printed circuit board. 


IVID7003, A, B 
MQ7003 


MD7003, A, B 
CASE 654-07, STYLE 1 
DUAL 



MQ7003 

CASE 607-04, STYLE 1 
QUAD 



AMPLIFIER TRANSISTORS 

PNP SILICON 


Refer to 2N3810 for curves. 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic } Symbol | Min | Typ [ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

40 

— 

- 

Vdc 

Collector-Base Breakdown Voltage 
dC = 10 ixAdc, Ie = 0) 

V(BR)CBO 

50 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 ixAdc, Ic = 0) 

V(BR)EB0 

5.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 30 Vdc, Ie = 0) 

'CBO 

— 

— 

100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain(2) 

hFE 



— 

— 

dC = 100 fjiAdc, VcE = 10 Vdc) 


40 

350 

— 


(Ic = 10 mAdc, VcE = 10 Vdc) 


50 

350 

— 
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MD7003, A, B, MQ7003 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Collector-Emitter Saturation Voltage 
(IC = 10 mAdc, Ib = 1.0 mAdc) 

VCE(sat) 

- 

0.25 

0.35 

Vdc 

Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 

VBE(sat) 

1 

0.6 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 5.0 mAdc, Vqe = 20 Vdc, f = 100 MHz) 

fr 

200 

300 

- 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie =0, f = 100 kHz) 

f^obo 

— 

3.0 

6.0 

PF 

Input Capacitance 

(Vbe = 2.0 Vdc, Ic = 0, f = 100 kHz) 

Cibo 

— 

2.0 

8.0 

PF 

Noise Figure 

dC = 100 ixAdc, VcE = 10 Vdc, Rs = 3.0 kohms, 
f = 10 Hz to 15.7 kHz) 

NF 

1 


2.0 

1 

i 

dB 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(3) 
dC = 100 ^Adc, VcE = 10 Vdc) 

MD7003A,AF 

MD7003B 

hFEl/hFE2 

0.75 

0.85 

- 

1.0 

1.0 

— 

Base-Emitter Voltage Differential 


|Vbei-Vbe2I 




mV 

dC = 100 /LtAdc, VcE = 10 Vdc) 

MD7003A,AF 


— 

— 

25 



MD7003B 


— 

— 

15 



(2) Pulse Test; Pulse Width 300 fis, Duty Cycle ^ 2.0%. 

(3) The lowest hpE reading is taken as hpEl for this ratio. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

50 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

200 

mAdc 




Ail Die 




One Die 

Equal Power 


Total Device Dissipation 

Pd 



mW 

@ Ta = 25°C 





MD7007AB 


575 

625 


MD7007BF 


350 

400 


MQ7007 


400 

600 


Derate above 25°C 




mW/°C 

MD7007AB 


3.29 

3.57 


MD7007BF 


2.0 

2.28 


MQ7007 


2.28 

3.42 


Total Device Dissipation 

Pd 



Watts 

@ Tc = 25°C 





MD7007AB 


1.8 

2.5 


IVID7007BF 


1.0 

2.0 


MQ7007 


0.9 

3.6 


Derate above 25°C 




mW/°C 

IVID7007AB 


10.3 

14.3 


MD7007BF 


5.71 

11.4 


MQ7007 


5.13 

20.5 


Operating and Storage Junction 

Tgtg 

-65 to +200 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

All Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Case 

R0JC 



°C/W 

MD7007,A,B 


97 

70 


MD7007BF 


175 

87.5 


MQ7007 


195 

48.8 


Thermal Resistance, Junction to Ambient 

RwAd) 



°c/w 

MD7007,A,B 


304 

280 


MD7007BF 


500 

438 


MQ7007 


438 

292 




Junction to 

Junction to 




Ambient 

Case 


Coupling Factor 




% 

MD7007,A,B 


84 

44 


MD7007BF 


75 

0 


MQ7007 (Q1-Q2) 


57 

0 


(Q1-Q3 or Q1-Q4) 


55 

0 



(1) R^ja is measured with the device soldered into a typical printed circuit board. 


IVID7007, A, B, BF 
MQ7007 


MD7007AB 
CASE 654-07, STYLE 1 
DUAL 



MD7007BF 

CASE 610A-04, STYLE 
DUAL 



MQ7007 

CASE 607-04, STYLE 
QUAD 



AMPLIFIER TRANSISTORS 

PNP SILICON 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Typ | Max [ Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

40 

— 

- 

Vdc 

Collector-Base Breakdown Voltage 
dC = 10 ixAdc, Ie = 0) 

V(BR)CBO 

50 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 ^Adc, Ic = 0) 

V(BR)EBO 

5.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 30 Vdc, Ie = 0) 

'CBO 

“ 

— 

100 

nAdc 


ON CHARACTERISTICS(2) 


DC Current Gain 

hFE 




_ 

dC = 100 AAdc, VcE = 10 Vdc) 


30 

110 

— 


dC = 1.0 mAdc, VcE = 10 Vdc) 


30 

130 

— 


dC = 10 mAdc, VcE = 10 Vdc) 


30 

75 

— 


dC = 50 mAdc, Vqe = 10 Vdc) 


15 

25 

— 



MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 







MD7007, A, B, BF, MQ7007 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

— 

Typ 

Max 

Unit 

Collector-Emitter Saturation Voltage 
dc = 50 mAdc, Ib = 5.0 mAdc) 

VCE(sat) 

- 

0.38 

1.0 

Vdc 

Base-Emitter Saturation Voltage 
dc = 50 mAdc, Ib = 5.0 mAdc) 

VBE(sat) 

— 

0.9 

1.5 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dc = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

fj 

300 

600 

- 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

^obo 

— 

4.0 

8.0 

PF 

input Capacitance 

(Vbe = 2.0 Vdc, Ic = 0, f = 100 kHz) 

^ibo 

1 

— 

3.8 

10 

PF 


MATCHING CHARACTERISTICS 


DC Current Gain Ratio(3) 
dc = 1.0 mAdc, VcE = 10 Vdc) 

MD7007A 

MD7007B 

hFEl/hFE2 

0.75 

0.85 


1.0 

1.0 

— 

Base-Emitter Voltage Differential 


|Vbei-Vbe2I 




mVdc 

dc = 1.0 mAdc, VcE = 10 Vdc) 

MD7007A 


— 

— 

20 



MD7007B 


— 

— 

10 



(2) Pulse Test: Pulse Width ^ 300 ijls. Duty Cycle « 2.0%. 

(3) The lowest hpE reading is taken as hpEl for this ratio. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


3-353 





MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

50 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

50 

mAdc 




All Die 




One Die 

Equal Power 


Total Device Dissipation 

Pd 



mW 

@ Ta = 25°C 





MD7021 


550 

600 


MD7021F 


350 

400 


MQ7021 


400 

600 


Derate above 25°C 




mW/X 

MD7021 


3.14 

3.42 


MD7021F 


2.0 

2.28 


MQ7021 


2.28 

3.42 


Total Device Dissipation 

Pd 



Watts 

@ Tc = 25°C 





MD7021 


1.4 

2.0 


MD7021F 


0.7 

1.4 


MQ7021 


0.7 

2.8 


Derate above 25°C 




mW/°C 

MD7021 


8.0 

11.4 


MD7021F 


4.0 

8.0 


MQ7021 


4.0 

16 


Operating and Storage Junction 

Tj, Tstg 

-65 to +200 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

— 

Symbol 

One Die 

All Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Case 

R0JC 



°C/W 

MD7021 


125 

87.5 


MD7021F 


250 

125 


MQ7021 


250 

62.6 


Thermal Resistance, Junction to Ambient 

RejAd) 



°c/w 

MD7021 


319 

292 


MD7021F 


500 

438 


MQ7021 


438 

292 




Junction to 

Junction to 




Ambient 

Case 


Coupling Factor 




% 

MD7021 


83 

40 


MD7021F 


75 

0 


MQ7021 (Q1-Q2) 


57 

0 


{Q1-Q3 or Q1-Q4) 


55 

0 



(1) R^ja is measured with the device soldered into a typical printed circuit board. 


IVID7021, F 
IVIQ7021 


MD7021 

CASE 654-07, STYLE 5 
DUAL 



MD7021F 

CASE 610A-04, STYLE 1 , 
DUAL 


IVIQ7021 

CASE 607-04, STYLE 1 
QUAD 



COMPLEMENTARY 
GENERAL PURPOSE 
TRANSISTORS 

NPN/PNP SILICON 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

40 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 10 fiAdc, Ie = 0) 

V(BR)CBO 

50 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 /u-Adc, Ic == 0) 

V(BR)EBO 

5.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 30 Vdc, Ie = 0) 

ICBO 

— 

— 

100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 

hpE 

1 



— 

dC = 100 fiAdc, VcE = 10 Vdc) 


40 

65 

— 


dC = 10 mAdc, VcE = 10 Vdc) 


50 

70 

— 



MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


3-354 







MD7021, F, MQ7021 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Collector-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc)(2) 

VCE(sat) 

- 

- 

0.35 

Vdc 

Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ib = 1.0 mAdc) 

VBE(sat) 

— 

— 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 5.0 mAdc, Vqe = 20 Vdc, f = 100 MHz) 


200 

320 

- 

MHz 

1 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

— 

— 

6.0 

PF 

Input Capacitance 

(Vbe = 2.0 Vdc, Ic = 0, f = 100 kHz) 

Cibo 

— 

— 

8.0 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 30 Vdc, VBE(off) = 0.5 Vdc, Ic = 150 mAdc, Ibi = 15 Adc) 

Ion 

— 

28 

— 

ns 

Turn-Off Time 

(Vcc = 30 Vdc, Ic = 150 mAdc, Ibi = Ib 2 = 10 mAdc) 

toff 

— 

72 

— 

ns 


(2) Pulse Test: Pulse Width 300 fis, Duty Cycle 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


3-355 




MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 



Vdc 

MD8001 


40 


MD8002 


50 


MD8003 


60 


Collector Current — Continuous 

ic 

30 

mAdc 




Both Die 




One Die 

Equal Power 


Total Device Dissipation 

Pd 




@ Ta = 25°C 


575 

625 

mW 

Derate above 25°C 


3.29 

3.57 

mW/°C 

Total Device Dissipation 

pd 




@ Tc = 25°C 


1.8 

2.5 

Watts 

Derate above 25°C 


10.3 

14.3 

mW/°C 

Operating and Storage Junction 

Tj/ Tstg 

-65 to +200 

X 

Temperature Range 





MD8001 

thru 

IVID8003 


CASE 654-07, STYLE 1 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 
Max 

Both Die 
Equal Power 
Max 

Unit 

Thermal Resistance, 

Junction to Case 

R0JC 

97 

70 

°C/W 

Thermal Resistance, 

Junction to Ambient 

R0Ja(i) 

304 

280 

x/w 


Junction to 
Ambient 

Junction to 
Case 


Coupling Factor 

84 

44 

% 


(1) R^ja is measured with the device soldered into a typical printed circuit board. 


DUAL 

AMPLIFIER TRANSISTORS 

NPN SILICON 


Refer to 2N2920 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 

MD8001 

MD8002 

MD8003 

V(BR)CE0 

40 

50 

60 

- 

- 

Vdc 

Collector Cutoff Current 
(VcB = 40 Vdc, Ie = 0) 


ICBO 

— 

— 

50 

nAdc 

Emitter Cutoff Current 
(Veb = 4.0 Vdc, Ic = 0) 


Iebo 

— 

— 

50 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 

hPE 

100 

200 

_ 

_ 

dC = I.OmAdc, VcE = lOVdc) 







SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 5.0 mAdc, Vqe = 10 Vdc, f = 100 MHz) 

fT 

— 

260 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

— 

2.6 

— 

PF 

Input Capacitance 

(Vbe = 2.0 Vdc, Ic = 0, f = 100 kHz) 

^ibo 

— 

2.3 

— 

PF 


MATCHING CHARACTERISTICS 


Base-Emitter Voltage Differential 

|Vbei-Vbe2I 

— 

— 

15 

mVdc 

dc = 1.0 mAdc, VcE = 10 Vdc) 







(2) Pulse Test: Pulse Width 300 /u,s, Duty Cycle 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


3-356 








IVIHQ918 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

Vdc 

Collector-Base Voltage 

VCBO 

30 

Vdc 

Emitter-Base Voltage 

Vebo 

3.0 

Vdc 

Collector Current — Continuous 

'c 

50 

mAdc 


Each 

Transistor 

Total 

Device 


Total Device Dissipation 
@ Ta = 25X 

Derate above 25°C 

Pd 

0.65 

3.72 

1.9 

10.88 

Watts 

mW/°C 

Total Device Dissipation 
@ Tc = 25°C 

Derate above 25°C 

Pd 

1.3 

7.43 

4.6 

26.3 

Watts 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj# Tgtg 

-65 to -f-200 

°C 


CASE 632-08, STYLE 1 
TO-116 



1 2 3 4 5 6 7 


QUAD 

AMPLIFIER TRANSISTORS 

NPN SILICON 


Refer to MD918 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dc = 3.0 mAdc, Ib = 0) 

V(BR)CEO 

15 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
dc = 1.0 fiAdc, Ie = 0) 

V(BR)CBO 

30 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
dE = 10 /iAdc, Ic = 0) 

V(BR)EBO 

3.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 15 Vdc, Ie = 0) 

ICBO 

— 

— 

10 

nAdc 


ON CHARACTERISTICS(I) 


DC Current Gain 

dc = 0.1 mAdc, VcE = 1-0 Vdc) 
dc = 3.0 mAdc, VcE = 10 Vdc) 
dc = 10 mAdc, VcE = 1-0 Vdc) 

hpE 

20 

110 

80 

50 

- 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ib = 1.0 mAdc) 

VcE(sat) 

— 

0.11 

0.4 

Vdc 

Base-Emitter Saturation Voltage 

(Ic = 10 mAdc, Ib = 1.0 mAdc) I 

VBE(sat) 
1 

— 

0.84 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 4.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 


600 

850 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 140 kHz) 

Cobo 

— 

0.75 

2.0 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 140 kHz) 

Qbo 

— 

1.4 

2.5 

PF 

Noise Figure 

dc = 1.0 mAdc, VcE = 6.0 Vdc, Rs = 400 Ohms, f = 60 MHz) 

NF 

— 

4.0 

6.0 

dB 


(1) Pulse Test: Pulse Width ^ 300 fis, Duty Cycle ^ 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


3-357 






MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

500 

mAdc 



Each 

Total 




Transistor 

Device 


Total Device Dissipation 

pd 

0.65 

1.9 

Watts 

@ Ta = 25°C 





Derate above 25°C 





MHQ2222 


3.72 

10.88 

mW/°C 

MPQ2221, MPQ2222 


5.2 

15.2 


Operating and Storage Junction 

Tj» Tstg 



°C 

Temperature Range MHQ2222 


-65 to +200 


MPQ2221,22 


-55 to +150 



MHQ2222 

MPQ2221*, MPQ2222* 


MHQ2222 

CASE 632-08, STYLE 1 
TO-116 


MPQ2221 

MPQ2222 

CASE 646-06, STYLE 1 
TO-116 


14 13 12 11 10 9 8 

fTi .iTi n n n fTi rn 


TO 


ill u u Li 


IXI 



QUAD 

GENERAL PURPOSE 
TRANSISTORS 


NPN SILICON 


Refer to MD2218 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit" 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) (Ic = 10 mAdc, Iq = 0) 

V(BR)CEO 

40 

— 

— 

Vdc 

Collector-Base Breakdown Voltage dc = 10 ^Adc, Ig = 0) 

V{BR)CBO 

60 

— 

_ 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 10 /uAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

— 

Vdc 

Collector Cutoff Current (Vcb = 50 Vdc, Ig = 0) 

ICBO 


— 

50 

nAdc 

Emitter Cutoff Current (Vbe = 3.0 Vdc, Ic = 0) 

•ebo 


— 

50 

nAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 

dc = 10 mAdc, VcE = 10 Vdc) 

dc = 150 mAdc, VcE = 10 Vdc) 

dc = 300 mAdc, VcE = 10 Vdc) 

MPQ2221 

MHQ2222, MPQ2222 

MPQ2221 

MHQ2222, MPQ2222 

MPQ2221 

MHQ2222, MPQ2222 

hpE 

35 

75 

40 

100 

20 

30 

- 



Collector-Emitter Saturation Voltage 


VCE(sat) 




Vdc 

dc = 150 mAdc, Ib = 15 mAdc) 



— 

— 

0.4 


dc = 300 mAdc, Ib = 30 mAdc) 



— 

— 

1.6 


Base-Emitter Saturation Voltage 


VBE(sat) 




Vdc 

(Ic =150 mAdc, Ib = 15 mAdc) 



— 

— 

1.3 


(Ic = 300 mAdc, Ib = 30 mAdc) 



— 

— 

2.6 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(l) 
dc = 20 mAdc, VcE = 20 Vdc, f = 100 MHz) 

fT 

200 

350 

— 

MHz 

Output Capacitance 
(Vcb = 10 Vdc, ie = 0, f = 1 mhz) 

Cobo 

— 

4.5 

8.0 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 1 MHz) 

Cibo 

— 

17 

30 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 30 Vdc, VBE(off) = 0.5 Vdc, 

Ic = 150 mAdc, Ibi =15 mAdc) 

Ion 

— 

25 

— 

ns 

Turn-Off Time 

(Vcc = 30 Vdc, Ic = 150 mAdc, 

•b 1 = 182 = 15 mAdc) 

toff 


250 


ns 


(1) Pulse Test: Pulse Width 300 /xs. Duty Cycle 2,0%. 
*MPQ2221A and MPQ2222A also available. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 





MHQ2222, MPQ2221, MPQ2222 


FIGURE I - DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 


FIGURE 2 - STORAGE TIME AND FALL 
TIME EQUIVALENT TEST CIRCUIT 


GENERATOR RISE TIME ^ 2.0 ns DUTY CYCLE = 2 0% +30 V 



C,n<12pF I I -3 0 V Cin<l2pF 

RISE TIME ^ 5 0ns ^ 500#is~^ K" RISE TIME < 5.0 ns 


3 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


3-359 




MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

vebo 

4.5 

Vdc 

Collector Current — Continuous 

ic 

500 

mAdc 



Each 

Total 




Transistor 

Device 


Total Device Dissipation 

Pd 




@ Ta = 25°C 


0.5 

1.5 

Watts 

Derate above 25°C MHQ2369 


2.86 

8.58 

mW/X 

MPQ2369 


5.0 

15 


Operating and Storage Junction 

Tj. Tgtg 



°C 

Temperature Range MHQ2369 

-65 to +200 


MPQ2369 


-55 to +125 



MHQ2369 

IVIPQ2369 

MHQ2369 

CASE 632-08, STYLE 1 
TO-116 



MPQ2369 

CASE 646-06, STYLE 1 
TO-116 



14 13 12 11 10 9 8 

..p n o Q Q n n , 



QUAD 

SWITCHING TRANSISTORS 

NPN SILICON 


Refer to MD2369 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Typ | Max f Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) dc = 10 mAdc, Ig = 0) 

V(BR)CEO 

15 

— 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 10 ^Adc, Ig = 0) 

V(BR)CBO 

40 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ig = 10 fiAdc, Iq = 0) 

V{BR)EBO 

4.5 

— 

— 

Vdc 

Collector Cutoff Current (VcB = 20 Vdc, Ig = 0) 

>CBO 

— 

— 

0.4 

IxAdc 

Emitter Cutoff Current (Vbe = 3.0 Vdc, Iq = 0) 

•ebo 

- 

- 

0.5 

^Adc 


ON CHARACTERISTICS 


DC Current Gain(l) (Iq = lOmAdc, Vqe = 1.0 Vdc) 
dc = 100 mAdc, VcE = 2.0 Vdc) 

hpE 

40 

20 





— 

Collector-Emitter Saturation Voltage (Iq = 10 mAdc, Ib = 1-0 mAdc) * 

VCE(sat) 

— 

— 

0.25 

Vdc 

Base-Emitter Saturation Voltage dc = 10 mAdc, Ib = 1-0 mAdc) 

VBE(sat) 

- 

— 

. -,°:+ 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

fT 

450 

550 

— 

MHz 

Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 1 MHz) 

^obo 

— 

2.5 

4.0 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 1 MHz) 

o 

6 

— 

3.0 

5.0 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 3.0 Vdc, Vbe = ”1-5 Vdc, Ic = 10 mAdc, Ibi =3.0 mAdc) 

^on 

— 

9.0 

— 

ns 

Turn-Off Time 

(Vcc = 3.0 Vdc, Ic = 10 mAdc, Ibi = 3.0 mAdc, Ib 2 = 1-5 mAdc) 

toff 

— 

15 

— 

ns 


(1) Pulse Test: Pulse Width ^ 300 /jls, Duty Cycle = 2.0%. 


MOTOROLA SMALL-SIGNAL SEMICONDUCTORS 





QUAD DUAL IN-LINE 
NPN HERMETIC SILICON 
AMPLIFIER TRANSISTORS 

. . . designed for low-level, high-gain amplifier applications. 

• Low Noise Figure — NF = 2.0 dB (Typ) O Iq = 10 /xAdc 

• Transistors Similar to 2N2484 

• TO-1 16 Ceramic Package — Compact Size Compatible with 

1C Automatic Insertion Equipment 

• "H" Series for Hi-Rel Applications 

(See Tables 1 thru 3) 

MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCB 

60 

Vdc 

Emitter-Base Voltage 

Veb 

6.0 

Vdc 

Collector Current — Continuous 

'c 

50 

mAdc 



Each 


Total 




Transistor 


Device 


Power Dissipation @ Ta = 25°C 

Pd 

0.6 


1.8 

Watts 

Derate above 25°C 


3.42 


10.3 

rnW/X 

Power Dissipation @ Tc = 25°C 

Pd 

1.2 


4.2 

Watts 

Derate above 25°C 


6.85 


24 

mW/°C 

Operating and Storage Junction 

Tj. Tgtg 

-65 to +200 

°C 

Temperature Range 






IVIHQ2484, H, HX, HXV 


CASE 632-08, STYLE 1 
TO-1 16 



14 13 12 11 10 9 8 

- jn . -iri p n 


i?xr 


T?vr 

JM 


iij 111 


QUAD 

AMPLIFIER TRANSISTORS 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

40 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 

V(BR)CBO 

60 

— 

— 

Vdc 

dC = 10 AAdc, Ie = 0) 






Emitter-Base Breakdown Voltage 

V{BR)EBO 

6.0 

— 

— 

Vdc 

(Ie = 10 AAdc, Ic = 0) 






Collector Cutoff Current 

ICBO 

— 

_ 

20 

nAdc 

(VcB = 45 Vdc, Ie = 0) 






Emitter Cutoff Current 

Iebo 

_ 

— 

20 

nAdc 

(Vbe = 3.0 Vdc, Ic = 0) 






ON CHARACTERISTICS 

DC Current Gain (1) 

hPE 




_ 

dC = 0.1 mAdc, VcE = 5.0 Vdc) 


200 

— 

— 


dC = 1.0 mAdc, VcE = 5.0 Vdc) 


300 

— 

— 


dC = 10 mAdc, VcE = 5.0 Vdc) 


300 


— 


Collector-Emitter Saturation Voltage (1) 

VcE(sat) 




Vdc 

(Ic = 1.0 mAdc, Ib = 0.1 mAdc) 


— 

0.13 

0.35 


(Ic = 10 mAdc, Ib = 1.0 mAdc) 


— 

0.15 

0.5 


Base-Emitter On Voltage 

VBE(on) 




Vdc 

dC = 100 /xAdc, VcE = 5.0 Vdc) 


— 

0.58 

0.7 


dC = 10 mAdc, VcE = 5.0 Vdc) 


— 

0.7 

0.8 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 500 fxAdc, VcE = 5.0 Vdc, f = 20 MHz) 

n 

50 

100 

— 

MHz 

Collector-Base Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 

Ccb 

— 

1.8 

6.0 

pF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = lOO kHz) 

Qb 

— 

4.0 

8.0 

PF 

Noise Figure 

dC = 10 AAdc, VcE = 5.0 Vdc, Rs = 10 kO, 
f = 10 Hz to 15.7 kHz, BW - 10 kHz) 

NF 


2.0 


dB 


(1) Pulse Test: Pulse Width ^ 300 ixs, Duty Cycle = 2.0%. 
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MHQ2484, H, HX, HXV 


TABLE 1 — PRODUCT CLASSIFICATIONS 


H — Controlled Lot with Sample Environmental and Life Testing 
HX — 100% Processing Plus Sample Environmental and Life Testing 
HXV — Same as HX Plus 100% Internal Visual Inspection 


TABLE 2 HX/HXV 100% PROCESSING STEPS 



HX 

HXV 

Internal Visual (Mil-Std-750, Method 2072) 

— 

100% 

High Temperature Storage (Mil-Std-750, Method 1032) 

100% 

100% 

Thermal Shock (Mil-Std-202, Method 107 Cond. F*) 

100% 

100% 

Constant Acceleration (Mil-Std-750, Method 2006, 20 KG^, Y-j) 

100% 

100% 

Hermetic Seal (Fine + Gross Leak) (Mil-Std-750, Method 1071, Cond. G +G1**) 

100% 

100% 

READ Electrical Parameters (Group A) 

100% 

100% 

High Temperature Reverse Bias (Mil-Std-750, Method 1039, Cond. A) 

100% 

100% 

READ Electrical Parameters (Group A) 

100% 

100% 

Power Burn-In (Mil-Std-750, Method 1039, Cond. B) 

100% 

100% 

READ Electrical Parameters (Group A) 

100% 

100% 


*T(lOW) = -55°C 

** Cond. G, Fine Leak = 1x10 ^ ATM. CC/sec. 


TABLE 3 — SIMPLIFIED HI-REL PRODUCT FLOW 


H 

HX 

HXV 

Commercial 

Commercial 

100% 

Product 

1 

Product 

1 

Pre Cap Visual 

1 

▼ 

Group A, B, C 

t 

100% 

▼ 

100% 

Sample 

Test 

Test 

Test 

1 

\ 

i 

1 

Group A, B, C 

▼ 

Group A, B, C 

Ship 

Sample 

Sample 


Test 

1 

Test 

1 


▼ 

Ship 

♦ 

Ship 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 







MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

600 

mAdc 



Each 

Total 




Transistor 

Device 


Total Device Dissipation 

pd 

0.65 

1.9 

Watts 

@ Ta = 25°C 





Derate above 25°C 





MHQ2906 


3.72 

10.88 

mW/°C 

MPQ2906, 





MPQ2907 


6.5 

19 


Operating and Storage Junction 

Tj, Tgtg 



X 

Temperature Range MHQ2906 


-65 to -f200 


MPQ2906,07 


-55 to -M25 



iVIHQ2906 

MPQ2906* IVIPQ2907* 


MHQ2906 

CASE 632-08, STYLE 1 
TO-116 


MPQ2906 

MPQ2907 

CASE 646-06, STYLE 1 
TO-116 


14 13 12 11 10 


PNP 


1 2 3 4 5 




QUAD 

GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 


Refer to MD2904 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Typ [ Max [ Uni7 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) (Ic = 10 mAdc, Ib = 0) 

V(BR)CEO 

40 

— 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 10 fxMc, Ie = 0) 

V(BR)CBO 

60 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 10 yiiAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

— 

Vdc 

Collector Cutoff Current (Vcb ^ 30 Vdc, Ie = 0) 

'CBO 

— 

— 

50 

nAdc 

Emitter Cutoff Current (VcB = 3.0 Vdc, Ie = 0) 

Iebo 

- 

— 

50 

nAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 
dc = 10 mAdc, VcE = 10 Vdc) 

dC = 150 mAdc, VcE = 10 Vdc) 

dc = 300 mAdc, VcE "= 10 Vdc) 

MHQ2906, MPQ2906 
MPQ2907 

MHQ2906, MPQ2906 
MPQ2907 

MHQ2906, MPQ2906 
MPQ2907 

hpE 

35 

75 

40 

100 

30 

50 

- 

- 


Collector-Emitter Saturation Voltage(l) 


VCE(sat) 




Vdc 

dc = 150 mAdc, Ib = 15 mAdc) 



— 

— 

0.4 


(Ic = 300 mAdc, Ib = 30 mAdc) 



— 

— 

1.6 


Base-Emitter Saturation Voltage(l) 


VBE(sat) 




Vdc 

dc = 150 mAdc, Ib = 15 mAdc) 



— 

— 

1.3 


dc = 300 mAdc, Ib = 30 mAdc) 



— 

— 

2.6 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 50 mAdc, VcE = 20 Vdc, f = 100 MHz) 

^T 

200 

350 

— 

MHz 

Output Capacitance 
(Vcb = 10 Vdc, Ie = 0, f = 1 mhz) 

Co bo 


6.0 

8.0 

PF 

Input Capacitance 

(Vbe = 2.0 Vdc, Ic = 0, f = 1 MHz) 

o 

JQ 

6 

— 

20 

30 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 30 Vdc, Ic = 150 mAdc, Ibi =15 mAdc) 

Ion 

— 

30 

— 

ns 

Turn-Off Time 

(Vcc = 0-0 Vdc, Ic = 150 mAdc, Ibi = Ib 2 = 10 mAdc) 

toff 

1 

— 

170 



— 

ns 


(1) Pulse Test: Pulse Width 300 /as, Duty Cycle = 2.0%. 
*MPQ2906A and MPQ2907A also available. 
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MHQ2906, MPQ2906, MPQ2907 


FIGURE 1 - DELAY AND RISE 
TIME TEST CIRCUIT 


FIGURE 2 - STORAGE AND FALL 
TIME TEST CIRCUIT 


INPUT 
Zo = 50 n 
PRF = 150 PPS 
RISE TIME <2.0 ns 



-30 



INPUT 
Zo = 50 U 
PRF = 150 PPS 
RISE TIME <2 0^is 



+15 V -6.0 



MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


3-364 




MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

'c 

1.0 

Adc 



Each 

Total 




Transistor 

Device 


Total Device Dissipation 

Pd 




@ Ta = 25°C 


0.9 

2.7 

Watts 

Derate above 25°C 


5.14 

15.4 

mW/°C 

Total Device Dissipation 

pd 




@ Tc = 25°C 


1.8 

6.3 

Watts 

Derate above 25°C 


10.3 

36 

mW/°C 

Operating and Storage Junction 

Tj, Tgtg 

-55 to -1-200 

X 

Temperature Range 






IVIHQ3467 

CASE 632-08, STYLE 1 
TO-116 



PNP 

rvi 


1 2 3 4 5 6 7 

QUAD 

MEMORY DRIVER TRANSISTORS 


PNP SILICON 


Refer to MD3467 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic j 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

40 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
dc = 10 /xAdc, Ie = 0) 

V(BR)CBO 

40 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 AtAdc, Ic = 0) 

V(BR)EBO 



5.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 30 Vdc, Ie = 0) 

ICBO 


— 

200 

nAdc 

Emitter Cutoff Current 
(Vbe = 3.0 Vdc, Ic = 0) 

Iebo 

— 

— 

200 

nAdc 

ON CHARACTERISTICS 

DC Current Gain(1) 
dc = 500 mAdc, Vce = 10 Vdc) 

hpE 

20 

— 


— 

Collector-Emitter Saturation Voltage(l) 
dc = 500 mAdc, Ib = 50 mAdc) 

VcE(sat) 

— 

0.23 

0.5 

Vdc 

Base-Emitter Saturation Voltage(l) 
dc = 500 mAdc, Ib = 50 mAdc) 

VBE(sat) 

— 

0.9 

1.2 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(l) 
dc = 50 mAdc, Vce = 10 Vdc, f = 100 MHz) 

— 

fT 

125 

190 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1 MHz) 

^^obo 

— 

10 

25 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 1 MHz) 

^ibo 

1 

55 

80 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

dc = 500 mAdc, Ibi =50 mAdc) 

ton 

— 

— 

40 

ns 

Turn-Off Time 

dc = 500 mAdc, Ibi = Ib 2 = ^0 mAdc) 

toff 

— 

~ 

90 

ns 


(1) Pulse Test: Pulse Width ^ 300 /xs, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

12 

Vdc 

Collector-Base Voltage 

VCBO 

15 

Vdc 

Emitter-Base Voltage 

vebo 

4.5 

Vdc 

Collector Current — Continuous 

ic 

200 

mAdc 




Each 


Total 





Transistor 


Device 


Total Device Dissipation 


pd 




Watts 

@ Ta = 25X 



0.5 


1.5 


Derate above 25°C 

MHQ3546 


2,86 


8.58 

mW/°C 


MPQ3546 


4.0 


12 


Operating and Storage 


Tjf Tstg 




X 

Junction 

MHQ3546 

-65 to +200 


Temperature Range 

MPQ3546 


- 55 to +150 



MHQ3546 

IVIPQ3546 


MHQ3546 
CASE 632-08, STYLE 1 
TO-116 

14 

MPQ3546 ^ 

CASE 646-06, STYLE 1 
TO-116 



PNP 

rvi 


CJ- W LJ- LJ- U' 
2 3 4 5 6 7 



QUAD 

SWITCHING TRANSISTORS 

PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 1 

OFF CHARACTERiSTiCS 

Collector-Emitter Breakdown Voltage(l) (Ic = 10 mAdc, Ib = 0) 

V(BR)CEO 

12 

— 

— 

Vdc 

Collector-Base Breakdown Voltage (Ic = 10 (xAdc, 1^ = 0) 

V(BR)CBO 

15 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ig = 10 ^lAdc, Ic = 0) 

V(BR)EBO 

4.5 

— 

— 

Vdc 

Collector Cutoff Current (VcB = 10 Vdc, Ie = 0) 

'CBO 

— 

— 

0.1 

/xAdc 

Emitter Cutoff Current (Vbe = 3-0 Vdc, Ic = 0) 

>EBO 


— 

0.1 

/LtAdc 

ON CHARACTERiSTiCS 

DC Current Gain(l) 

hpE 




— 

dC = lOmAdc, VcE = l OVdc) | 


30 

— 

— 


dC = 100 mAdc, VcE = 1-0 Vdc) 


15 

— 

— 


Collector-Emitter Saturation Voltage 

VCE(sat) 

— 

— 

0.25 

Vdc 

dC = 10 mAdc, Ib = 1-0 mAdc) 






Base-Emitter Saturation Voltage 

VBE(sat) 

— 

— 

0.9 

Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 







SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(l) 
dC = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

^T 

600 

1000 


MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Cobo 

— 

2.0 

6.0 

pF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = l.o MHz) 

o 

sn 

u 

— 

3.5 

8.0 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 2.0 Vdc, VBE(off) = 3.0 Vdc, 

Ic = 30 mAdc, Ibi = 1.5 mAdc) 

Ion 

— 

15 

— 

ns 

Turn-Off Time 

(Vcc = 2.0 Vdc, Ic = 30 mAdc, 

Ibi === IB2 == 1-5 mAdc) 

toff 


25 


ns 


(1) Pulse Test: Pulse Width 300 /xs. Duty Cycle 2.0%. 
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QUAD DUAL-IN LINE 
NPN HERMETIC SILICON 
MEMORY DRIVER TRANSISTORS 

. . . designed for high-current, high-speed switching, ferrite core and plated 
wire memory drivers, and MOS translator applications. 

• Fast Switching Times — 

ton ~ 35 ns (Max) 
toff = 60 ns (Max) 

• Low Collector-Emitter Saturation Voltage — VcE(sat) == Vdc (Max) @ 

IC = 1.0 Adc 

• DC Current Gain Specified — 100 mAdc to 1.0 Adc 

• Transistors Similar to 2N3724, 2N3725 

• TO-116 Ceramic Package — Compact Size Compatible with 1C Automatic 

Insertion Equipment 


• “H" Series for Hi-Rel Applications (See Tables 1 thru 3) 

MAXIMUM RATINGS 


Rating 

Symbol 

MHQ3724 

IVIHQ3725 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

45 

Vdc 

Collector-Emitter Voltage 

VCES 

50 

70 

Vdc 

Collector-Base Voltage 

VCB 

50 

70 

Vdc 

Emitter-Base Voltage 

Veb 

6.0 

Vdc 

Collector Current — Continuous 

ic 

1.5 

Adc 



Each 

Transistor 

Four 

Transistors 
Equal Power 


Total Power Dissipation 
@ Ta = 25°C 

Derate above 25°C 

Pd 

750 

4.3 

2000 

11.4 

mW 

mW/°C 

Total Power Dissipation 
(g) Tc = 25°C 

Derate above 25°C 

Pd 

1.2 

6.86 

4.0 

22.8 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj. Tstg 

- 55 to + 200 

°C 


IVIHQ3724, H, HX, HXV 
IVIHQ3725, H, HX, HXV 


CASE 632-08. STYLE 1 
TO-116 


14 13 12 11 10 


TO 


rvi. 


tb'izru u u u 



QUAD 

MEMORY DRIVER 
TRANSISTORS 


NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Typ | Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

MHQ3725 

V(BR)CEO 

45 

_ 

— 

Vdc 

(Ic = 10 mAdc, Ib = 0) 

MHQ3724 

30 

— 

— 


Collector-Emitter Breakdown Voltage 

MHQ3725 

V(BR)CES 

70 

— 

— 

Vdc 

dc == 10 nAdc, Vbe = 0) 

MHQ3724 

50 

— 

— 


Collector-Base Breakdown Voltage 

MHQ3725 

V(BR)CBO 

70 

— 

— 

Vdc 

dc = 10 /xAdc, Ie = 0) 

MHQ3724 

50 

— 

— 


Emitter-Base Breakdown Voltage dc = 0, Ie = 10 /xAdc) | 

V(BR)EBO 

6.0 

— 

_ 

Vdc 

Collector Cutoff Current (VcB = 50 Vdc, Ie = 0) 

MHQ3725 

•CBO 

— 

— 

500 

nAdc 

(VcB = 40 Vdc, Ie - 0) 

MHQ3724 







ON CHARACTERISTICS (1) 


DC Current Gain dc = 100 mAdc, VcE = 1-0 Vdc) 

dc = 500 mAdc, VCE = 1.0 Vdc) J;!h^|726 

dc = 1.0 Adc, VcE = 5.0 Vdc) 

hpE 

60 

25 

35 

25 

100 

40 

50 

50 

250 


Collector-Emitter Saturation Voltage dc = 100 mAdc, Ib = 10 mAdc) 

VcE(sat) 

— 

0.14 

0.26 

Vdc 

(Ic = 500 mAdc, Ib = 50 mAdc) 


— 

0.23 

0.52 


dc = 1.0 Adc, Ib = 100 mAdc) 


— 

0.36 

0.95 


Base-Emitter Saturation Voltage (Ic = 100 mAdc, Ib = 10 mAdc) 

VBE(sat) 


0.75 

0.86 

Vdc 

dc = 500 mAdc, Ib = 50 mAdc) 


0.8 

0.88 

1.1 


dc = 10 mAdc, Ib = 100 mAdc) 


— 

1.0 

1.7 



Note 1. Pulse Test; Pulse Width 300 ns, Duty Cycle = 2.0%. (continued) 
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MHQ3724, H, HX, HXV, MHQ3725, H, HX, HXV 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted) 

Characteristic 1 Symbol | Min 1 Typ | Max ~T Unit 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, Vqe = 10 Vdc, f = 100 MHz) 

fr 

200 

275 

_ 

MHz 

Output Capacitance (V^b = 10 Vdc, Ig = 0, f = 100 kHz) 

^ob 

— 

5.0 

10 

pF 

Input Capacitance (Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 

Cib 

_ 

50 

70 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 30 Vdc, Ic = 0.5 Adc, VBE(off) = 3.8 Vdc, Ibi = 50 mAdc) 

^on 

- 

20 

35 

ns 

Turn-Off Time 

(Vcc = 30 Vdc, Ic = 0.5 Adc, Ibi = Ib 2 = 30 mAdc) 

toff 

— 

50 

60 

ns 


Figure 1. Turn-On and Turn-Off Switching Times Test Circuit 


_n_» ■ , 

Vin = +9.7 I I 

PULSE GENERATOR | 62 | 1 k 

tp tf 1 ns I I 

PW^^I/Lts 4^ 6 -3.8 V i 

Zjp = 50 

DUTY CYCLE = 2% 


43 

-W\r 


1 


6 


15 


TO SAMPLING 
OSCILLOSCOPE 
Zjn ^ 100 kO 
tr < 1 ns 


Table 1. Product Classifications 


H — Controlled Lot with Sample Environmental and Life Testing 
HX — 100% Processing Plus Sample Environmental and Life Testing 
HXV — Same as HX Plus 100% Internal Visual Inspection 


Table 2. HX/HXV 100% Processing Steps 



HX 

HXV 

Internal Visual (Mil-Std-750, Method 2072) 


100% 

High Temperature Storage (Mil-Std-750, Method 1032) 

100% 

100% 

Thermal Shock (Mil-Std-202, Method 107, Cond. F*) 

100% 

100% 

Constant Acceleration (Mil-Std-750, Method 2006, 20 KG®, Y-)) 

100% 

100% 

Hermetic Seal (Fine + Gross Leak) (Mil-Std-750, Method 1071, Cond. G + G1**) 

100% 

100% 

READ Electrical Parameters (Group A) 

100% 

100% 

High Temperature Reverse Bias (Mil-Std-750, Method 1039, Cond. A) 

100% 

100% 

READ Electrical Parameters (Group A) 

100% 

100% 

Power Burn-In (Mil-Std-750, Method 1039, Cond. B) 

100% 

100% 

READ Electrical Parameters (Group A) 

100% 

100% 


*T(L0W) = -55°C 

**Cond. G, Fine Leak = 1 x lO'' ATM. CC/sec. 

Table 3. Simplified Hi-Rel Product Flow 


H 

HX 

HXV 

Commercial 

Commercial 

100% 

Product 

Product 

Pre Cap 

Visual 

Group A, B, C 

100% 

100% 

Sample 

Test 

Test 

Test 



Ship 

Group A, B, C 

Group A, B, C 

Sample 

Sample 


Test 

Test 


Ship 

Ship 
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MHQ3798 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

'c 

50 

mAdc 



Each 

Total 




Transistor 

Device 


Total Device Dissipation 

Pd 



Watts 

@ Ta = 25°C 


0.5 

1.5 

mW/X 

Derate above 25°C 


2.86 

8.58 


Total Device Dissipation 

Pd 



Watts 

@ Tc = 25°C 


1.0 

3.5 

mW/°C 

Derate above 25°C 


5.71 

20 


Operating and Storage Junction 

Tj. Tgtg 

- 65 to -i- 200 

°C 

Temperature Range 






CASE 632-08, STYLE 1 
TO-116 



14 13 12 11 10 


WTO 

PNP 

rY]...TO 


U 111 U U LlJ LJ 
3 4 5 6 7 


QUAD 

AMPLIFIER TRANSISTORS 

PNP SILICON 


Refer to 2N3810 for graphs. 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic [ Symbol ~| Min [ Typ | Max T Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

(Ic = 10 mAdc, Ib = 0) 

V(BR)CEO 

40 

— 


Vdc 

Collector-Base Breakdown Voltage (Iq = 10 juAdc, Ig = 0) 

V(BR)CBO 

60 


— 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 10 /xAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 



Vdc 

Collector Cutoff Current (Vqb = 50 Vdc, Ie = 0) 

■CBO 

— 

— 

10 

nAdc 

Emitter Cutoff Current (Vbe == 3-0 Vdc, Ic = 0) 

•ebo 

— 

— 

20 

nAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 
dC = 10 fxAdc, VcE = 5.0 Vdc) 
dC = 100 fiAdc, VcE = 5.0 Vdc) 
dC = 500 fxAdc, VcE = 5.0 Vdc) 
dC = 10 mAdc, VcE = 5.0 Vdc) 

hpE 

100 

150 

150 

125 

- 

- 


Collector-Emitter Saturation Voltage 

VCE(sat) 




Vdc 

(Ic = 100 ixAdc, Ib = 10 fjiAdc) 


— 

— 

0.2 


dC = 1.0 mAdc, Ib = 100 fxAdc) 


— 

— 

0.25 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dC = 100 jaAdc, Ib = 10 fiAdc) 


— 



0.7 


(Ic = 1.0 mAdc, Ib = 100 fiAdc) 


— 

— 

0.8 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 1.0 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

fj 

— 

130 

— z — 

MHz 

Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 

^obo 

— 

2.3 

— 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = l.o MHz) 

Cibo 

— 

5.5 

— 

PF 

Noise Figure 

dC = 100 ixAdc, VcE = 10 Vdc, Rs = 3.0 kohms, 
f = 10 Hz to 15.7 kHz) 

NF 


2.5 

- 

dB 


(1) Pulse Test: Pulse Width < 300 /xs, Duty Cycle ^ 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


3-369 






MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

500 

mAdc 


Each 

Transistor 

Total 

Device 


Total Device Dissipation 
@ Ta = 25°C 

Derate above 25°C 

Pd 

0.65 

3.72 

1.9 

10.88 

Watts 

mW/°C 

Total Device Dissipation 
@ Tc = 25°C 

Derate above 25°C 

Pd 

1.3 

7.43 

4.6 

26.3 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tgtg 

-65 to +200 

X 


MHQ6002 

CASE 632-08, STYLE 1 
TO-116 



14 13 12 11 10 9 

-tP- 


L?xJLr^ 

Complimentry 

rvn , rs^ , 


1 2 3 4 5 


QUAD 

COMPLEMENTARY TRANSISTORS 


NPN/PNP SILICON 


Refer to MHQ2222 for NPN graphs.* 


ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) (Ic = 10 mAdc, Ig = 0) 

V(BR)CEO 

30 

— 

— 

Vdc 

Collector-Base Breakdown Voltage (Ic = 10 /xAdc, Ig = 0) 

V(BR)CBO 

60 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ig = 10 ixAdc, Ic = 0) 

V(BR)EBO 

5.0 

_ 

— 

Vdc 

Collector Cutoff Current (VcB = 50 Vdc, Ig = 0) 

•CBO 

— 

— 

20 

nAdc 

Emitter Cutoff Current (Vgg = 3.0 Vdc, Ic = 0) 

'ebo 

— 

_ 

30 

nAdc 


ON CHARACTERISTICS 


DC Current Gain(1) 
dC = 1.0 mAdc, VcE = 10 Vdc) 

dC = 10 mAdc, VcE = 10 Vdc) 

dC = 150 mAdc, VcE = 10 Vdc) 

dC = 300 mAdc, VcE = 10 Vdc) 

hpE 

25 

35 

40 

20 

- 

- 


Collector-Emitter Saturation Voltage(l) (Ic = 150 mAdc, Ig = 15 mAdc) 

VCE(sat) 

— 

— 

0.4 

Vdc 

dC = 300 mAdc, Ig = 30 mAdc) 


— 


..I-'* 


Base-Emitter Saturation Voltage(l) dC = 150 mAdc, Ig = 15 mAdc) 

VBE(sat) 

— 


1.3 

Vdc 

dC = 300 mAdc, Ig = 30 mAdc) 


— 

— 

2.0 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(l) (Ic = 
f = 100 kHz) 

50 mAdc, VcE 

= 20 Vdc, 

fr 

— 

400 

— 

MHz 

Output Capacitance (VcB = 10 Vdc, Ig = 0, 

f = 1 MHz) 

NPN 

Cobo 

— 

6.0 

— 

PF 



PNP 


— 

4.5 

— 


Input Capacitance (Vgg = 2.0 Vdc, Ic = 0, f 

= 1 MHz) 

NPN 

Cibo 

— 

20 

— 

PF 



PNP 


— 

17 

— 



SWITCHING CHARACTERISTICS 


Turn-On Time (Vcc = 30 Vdc, Vbe = 0.5 Vdc, 

Ion 

— 

30 

— 

ns 

Ic == 150 mAdc, Ibi = 15 mAdc) 






Turn-Off Time (Vcc = 30 Vdc, Ic = 150 mAdc, 

toff 

— 

225 

— 

ns 

Ibi = IB2 = 15 mAdc) 


— 

— 

— 



(1) Pulse Test: Pulse Width 300 /as. Duty Cycle ^ 2.0%. 
*Refer to MHQ2907 for PNP graphs. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 





MAXIMUM RATINGS 



Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO(sus) 

6.0 

Vdc 

Collector-Base Voltage 

VCBO 

15 

Vdc 

Emitter-Base Voltage 

Vebo 

4.0 

Vdc 

Collector Current — Continuous 

Ic 

150 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

300 

mW 

Derate above 25°C 


1.71 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tgtg 

-65 to -H200 

°C 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R0Ja(1) 

583 

XAA/ 


(*1) is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic [ Symbol [ Min [ Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(2) (Iq = 10 mAdc, Ib = 0) 

VCEO(sus) 

6.0 

— 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 10 fxAdc, Ig = 0) 

V(BR)CBO 

15 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ig = 10 /xAdc, Iq = 0) 

V(BR)EBO 

4.0 

— 

— 

Vdc 

Collector Cutoff Current 

ICBO 





(VcB = 5.0 Vdc, Ie = 0) 


— 

— 

5.0 

nAdc 

(VcB = 5.0 Vdc, Ie = 0, Ta = 150°C) 


— 

— 

5.0 

fiAdc 


ON CHARACTERISTICS(2) 


DC Current Gain 
dc = 10 mAdc, VcE = 0.5 Vdc) 
dC = 10 mAdc, VcE = 0.5 Vdc, Ta = -55°C) 
dc = 30 mAdc, Vqe = 1-0 Vdc) 

hpE 

30 

10 

15 

55 

20 

20 

90 


Collector-Emitter Saturation Voltage (Iq = 3.0 mAdc, Ib = 0.15 mAdc) 

VCE(sat) 

— 

0.2 

0.3 

Vdc 

Base-Emitter Saturation Voltage (Iq = 3.0 mAdc, Ib = 0.15 mAdc) 

VBEIsat) 

0.7 

0.78 

0.85 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dc = 5.0 mAdc, Vce = 4.0 Vdc, f = 100 MHz) 

^T 

800 

850 

— 

MHz 

Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 140 kHz) 

Co bo 


2.0 

3.0 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 140 kHz) 

Cibo 

1 

— 

1.8 

2.0 

1 

PF 


SWITCHING CHARACTERISTICS 


Storage Time 

(Vce = 3.0 Vdc, Ic = 5.0 mAdc, Ibi = 102 = 5.0 mAdc) 

ts 

— 

4.0 

6.0 

ns 

Turn-On Time 

(Vec = l-O Vdc, VBE(off) = ”'•0 Vdc, Ic = 10 mAdc, 

Ibi = 2.0 mAdc, Ib 2 = "l O mAdc) 

ton 


12 

15 

ns 

Turn-Off Time 

(Vec = 10 Vdc, Ic = 10 mAdc, Ibi = 102 = 10 mAdc) 

toff 

— 

12 

15 

ns 


(1) Pulse Test: Pulse Width ^ 300 /xs. Duty Cycle ^ 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 


Rating 

Symbol 

MM3001 

MM3002 

MM3003 

Unit 

Collector-Emitter Voltage 

VCEO 

150 

200 

250 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

'c 

200 1 50 1 50 

mAdc 

Total Device Dissipation 
@ Ta = 25°C 

Derate above 25°C 

pd 

1.0 

5.71 

Watt 

mW/°C 

Total Device Dissipation 
@ Tc = 25°C 

Derate above 25°C 

pd 

5.0 

28.6 

Watts 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj/ Tstg 

-65 to +200 

X 


MIVI3001 

thru 

IVIM3003 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 



2^1 


GENERAL PURPOSE 
TRANSISTORS 

NPN SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 10 mAdc, Ib = 0) 

MM3001 

MM3002 

MM3003 

V(BR)CEO 

150 

200 

150 

- 

Vdc 

Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 10 fxAdc, Ic = 0) 






Collector Cutoff Current 


•CBO 



/LiAdc 

(VcB = 75 Vdc, Ie = 0) 

MM3001 


— 

1.0 


(VcB = 100 Vdc, Ie = 0) 

MM3002, MM3003 


— 

5.0 



ON CHARACTERISTICS 


DC Current Gain 

hPE 

20 

— 

— 

dC = 10 mAdc, VcE = 10 Vdc) 


i 




SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 

fT 

150 

— 

MHz 

Output Capacitance 

*^obo 



pF 

(VcB = 20 Vdc, Ie = 0, f = 100 kHz) MM3001 


— 

7.0 


MM3002, MM3003 


— 

15 



(1) Pulse Test: Pulse Width 300 ijls, Duty Cycle ^ 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 




MAXIMUM RATINGS 


Rating 

Symbol 

MM3005 

MM3006 

MM3007 

Unit 

Co Hector- Emitter Voltage 

VCEO 

60 

80 

100 

Vdc 

Collector-Base Voltage 

VCBO 

80 

100 

120 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

'c 

2.5 

Adc 

Total Device Dissipation 
@ Ta = 25°C 

Derate above 25°C 

Pd 

1.0 

5.71 

Watt 

mW/°C 

Total Device Dissipation 
@ Tc = 25°C 

Derate above 25°C 

Pd 

8.0 

45.6 

Watts 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj. Tgtg 

- 65 to + 200 

°C 



ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Max | Uni7 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

(Ic = 10 mAdc, Ib = 0) 

MM3005 

MM3006 

MM3007 

V(BR)CEO 

— 

60 

80 

100 



Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dC - 100 iLiAdc, Ie = 0) 

MM3005 


80 

— 



MM3006 


100 

— 



MM3007 


120 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

Vdc 

(Ie = 100 AAdc, Ic = 0) 






Collector Cutoff Current 


'CBO 



nAdc 

(VcB == 60 Vdc, Ie = 0) 

MM3005 


— 

100 


(VcB = 80 Vdc, Ie = 0) 

MM3006 


— 

100 


(VcB = 100 Vdc, Ie = 0) 

MM3007 


— 

100 


Emitter Cutoff Current 


>EBO 

— 

100 

nAdc 

(Vbe = 4.0 Vdc, Ic - 0) 







ON CHARACTERISTICS 


DC Current Gain 

dC = 1.0 mAdc, VcE = 1-0 Vdc) 

(Ic = 150 mAdc, Vce = 1-0 Vdc) 
dC = 200 mAdc, Vce = 10 Vdc) 
dC = 250 mAdc, Vce = 1-0 Vdc) 

All Types 

MM3005 

MM3006 

MM3007 

hpE 

40 

50 

50 

50 

250 

250 

250 


Collector-Emitter Saturation Voltage 
(Ic = 150 mAdc, Ib = 15 mAdc) 


VcE(sat) 


0.35 

Vdc 

Base-Emitter On Voltage 
dC = 150 mAdc, Vce = 1-0 Vdc) 


VBE(on) 

0.60 

0.75 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(l) 
dc = 50 mAdc, Vce = 10 Vdc, f = 20 MHz) 

fT 

50 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

^obo 

1 

15 

PF 


(1) Pulse Test: Pulse Width 300 /xs, Duty Cycle 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


3-373 





MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min [ Max T Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

180 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10/xAdc, Ic = 0) 

V(BR)EBO 

6.0 

— 

Vdc 

Collector Cutoff Current 
(VcB = 180 Vdc, Ie = 0) 

'CEO 


0.1 

(jiAdc 

Emitter Cutoff Current 
(Vbe = 4.0 Vdc, Ic = 0) 

'ebo 

i 

0.1 

/xAdc 


ON CHARACTERISTICS 


DC Current Gain 

I^FE 



— 

dC = 1.0 mAdc, VcE = 10 Vdc) i 


30 

— 


dC = 10 mAdc, VcE = 10 Vdc) 


40 



dC = 30 mAdc, Vqe = 10 Vdc) 


30 




SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 20 mAdc, Vqe = 20 Vdc, f = 20 MHz) 

fT 

50 

— 

MHz 

Output Capacitance 
(VcB = 20 Vdc, Ie = 0, f = 1.0 MHz) 

Cobo 

— 

4.0 

pF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

^ibo 

— 

20 

PF 


(1) Pulse Test: Pulse Width = 300 fxs, Duty Cycle ^ 2.0%. 


Rating 

Symbol 

MM3009 

Unit 

Collector-Emitter Voltage 

VCEO 

180 

Vdc 

Emitter-Base Voltage 

vebo 

6.0 

Vdc 

Collector Current — Continuous 

'c 

400 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


5.71 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

4.0 

Watts 

Derate above 25°C 


22.8 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tgtg 

-65 to -1-200 

X 


IVIM3009 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 



TRANSISTOR 

NPN SILICON 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 








MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

6.0 

Vdc 

Collector Current — Continuous 

ic 

200 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

200 

mW 

Derate above 25°C 


2.0 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

Pd 

500 

mW 

Derate above 25°C 


5.0 

mW/°C 

Operating and Storage Junction 

Tj» Tgtg 

-55 to -H125 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R^ja 

490 

°C/W 


ELECTRICAL CHARACTERISTICS {T/\ = 25°C unless otherwise noted.) 


Characteristic 


Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(l) (Ic = 10 mAdc, |0 = 

0) 

V(BR)CEO 

40 

— 

Vdc 

Collector-Base Breakdown Voltage (Iq = 10 /xAdc, Ie = 0) 

V(BR)CBO 

60 

— 

Vdc 

Emitter-Base Breakdown Voltage (Ie = 10 /u,Adc, Iq = 0) 

V(BR)EBO 

6.0 

_ 

Vdc 

Base Cutoff Current (Vqe = 30 Vdc, VEB(off) = 3.0 Vdc) 

>BEV 

— 

50 

nAdc 

Collector Cutoff Current (Vqe = 30 Vdc, VEB(off) = 3.0 Vdc) 

'CEX 

— 

50 

nAdc 

ON CHARACTERISTICSd) 

DC Current Gain 


hpE 





dC = 0.1 mAdc, VcE = 1-0 Vdc) 

MM3903 


20 

_ 



MM3904 


40 

— 


dC = 1.0 mAdc, VcE = 1.0 Vdc) 

MM3903 


35 





MM3904 


70 

— 


dC = 10 mAdc, VcE = 10 Vdc) 

MM3903 


50 

150 



MM3904 


100 

300 


(Ic = 50 mAdc, Vqe = 10 Vdc) 

MM3903 


30 





MM3904 


60 

— 


dC = 100 mAdc, VcE = 10 Vdc) 

MM3903 


10 





MM3904 


15 

— 


Co Hector- Emitter Saturation Voltage 


VcE(sat) 



Vdc 

dC = 10 mAdc, Ib = 1-0 mAdc) 


— 

0.2 


dC = 50 mAdc, Ib = 5.0 mAdc) 



— 

0.3 


Base-Emitter Saturation Voltage 


VBE(sat) 



Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) 


0.65 

0.85 


dC = 50 mAdc, Ib = 5.0 mAdc) 

i 


— 

0.95 



MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


3-375 






MM3903, MM3904 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Max | Unit 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(l) 

dC = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) MM3903 

MM3904 

fT 

250 

300 

- 

MHz 

Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 

^obo 

— 

4.0 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 

Cibo 


8.0 

PF 

Small-Signal Current Gain 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MM3903 

MM3904 

l^fe 

50 

100 

200 

400 



SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 3.0 Vdc, VBE(off) = 0.5 Vdc, 

Ic = 10 mAdc, 1 b, = 1.0 mAdc) 

td 

— 

35 

ns 

Rise Time 

tr 

— 

35 

ns 

Storage Time 

(Vcc = 3.0 Vdc, Ic = 10 mAdc, MM3903 

IBi = Ib 2 = 10 mAdc) MM3904 

1 

ts 



175 

200 

ns 

Fall Time 



- 

50 

ns 


(1) Pulse Test; Pulse Width 300 /xs, Duty Cycle =s 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 





MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

40 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

'c 

200 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

360 

mW 

Derate above 25°C 


2.06 

mwrc 

Operating and Storage Junction 
Temperature Range 

7j. Tstg 

- 55 to -1- 200 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

R0JA 

490 

°C/W 



ELECTRICAL CHARACTERISTICS (T/^ == 25°C unless otherwise noted.) 

Characteristic [ Symbd 1 Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dc = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

40 

— 

Vdc 

Collector-Base Breakdown Voltage 
(\q = 10 /uAdc, Ig = 0) 

V(BR)CBO 

40 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(\£ - 10 ixAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

Vdc 

Base Cutoff Current 
{VcE = 30 Vdc, Vbe = 3.0 Vdc) 

'bev 

— 

50 

nAdc 

Collector Cutoff Current 
(VcE = 30 Vdc, Vbe = 3.0 Vdc) 

ICEV 

— 

50 

nAdc 


ON CHARACTERISTICS! 1) 


DC Current Gain 


hpE 



_ 

dc = 0.1 mAdc, VcE = 1-0 Vdc) 

MM3905 


30 

— 



MM3906 


60 

— 


dc = 1.0 mAdc, VcE = 1-0 Vdc) 

MM3905 


40 





MM3906 


80 

— 


dc = 10 mAdc, VcE = l-O Vdc) 

MM3905 


50 

150 



MM3906 


100 

300 


dc = 50 mAdc, VcE = 1-0 Vdc) 

MM3905 


30 

_ 



MM3906 


60 

— 


dc = 100 mAdc, VcE = 10 Vdc) 

MM3905 


10 




MM3906 


15 

— 


Collector-Emitter Saturation Voltage 

! 

VCE(sat) 



Vdc 

(Ic = 10 mAdc, Ib = 1.0 mAdc) 


— 

0.25 


dc = 50 mAdc, Ib = 5.0 mAdc) 



— 

0.4 


Base-Emitter Saturation Voltage 


VBE(sat) 



Vdc 

(Ic = 10 mAdc, Ib = 1.0 mAdc) 


0.65 

0.85 


(Ic = 50 mAdc, Ib = 5.0 mAdc) 


1 

— 

0.95 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(l) 

^ ' 



MHz 

dc = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) MM3905 


200 

— 


MM3906 


250 

— 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

Output Capacitance 


Cobo 

— 

5.0 

pF 

(VcB = 5.0 Vdc, Ie = 0, f = 100 kHz) 






Input Capacitance 


o 

.Q 

6 

— 

10 

PF 

(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 






Input Impedance 


hie 



k ohms 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

MM3905 


0.5 

8.0 


MM3906 


2.0 

12 


Voltage Feedback Ratio 


^re 



— 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

MM3905 


0.1 X 10-4 

5X 10-4 


MM3906 


1 X 10-4 

10X 10-4 


Small-Signal Current Gain 


hfe 



— 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

MM3905 


50 

200 



MM3906 


100 

400 


Output Admittance 


hoe 



^rnhos 

dC = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

MM3905 


1.0 

40 



l\/IM3906 


3.0 

60 


Noise Figure 


NF 



dB 

dC = 100 fiAdc, VcE = 5.0 Vdc, Rs = 1.0 k ohm, 

MM3905 


— 

5.0 


f = 10 Hz to 15.7 kHz) 

MM3906 


— 

4.0 



SWITCHING CHARACTERISTICS 


Delay Time 

(Vcc = 3.0 Vdc, VBE(off) = 0-5 Vdc, 

Ic = 10 mAdc, Ibi = 1-0 mAdc) 

td 

— 

35 

ns 

Rise Time 

tr 

_ 

35 

ns 

Storage Time 

MM3905 

ts 

— 

200 

ns 


(Vcc = 3.0 Vdc, Ic = 10 mAdc, MM3906 , 


— 

225 


Fall Time 

Ibi = IB2 = 1-0 mAdc) 

tf 



60 

ns 


MM3905 


_ 

75 



MM3906 






(1) Pulse Test: Pulse Width = 300 /xs, Duty Cycle = 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 




MAXIMUM RATINGS 


Rating 

Symbol 

MM4000 

0 

1 

MM4002 

MM4003 

Unit 

Collector-Emitter Voltage 

VCEO 

100 

150 

200 

250 

Vdc 

Collector-Base Voltage 

VCBO 

100 

150 

200 

250 

Vdc 

Emitter-Base Voltage 

Vebo 

4.0 

4.0 

4.0 

4.0 

Vdc 

Collector Current — 
Continuous 

ic 

100 

500 

500 

500 

mAdc 

Total Device Dissipation 
@ Ta = 25X 

Derate above 25°C 

Pd 

0.6 

3.42 

1.0 

5.71 

1.0 

5.71 

1.0 

5.71 

Watt 

mW/°C 

Total Device Dissipation 
@ Tc = 25°C 

Derate above 25°C 

Pd 

3.0 

17.2 

5.0 

28.6 

5.0 

28.6 

5.0 

28.6 

Watts 

mW/°C 

Operating and Storage 
Junction 

Temperature Range 

Tjr Tstg 

-65 to +200 

X 


IVIIVI4000 

thru 

MM4003 

CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 


3 Collector 


1 Emitter 


GENERAL PURPOSE 
TRANSISTORS 

PNP SILICON 


Refer to 2N3494 for graphs for MM4000.* 




ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 


1 

Characteristic 

1 Symbol | 

Min 

1 Max 

1 Unit 1 

OFF CHARACTERISTICS 







Collector-Emitter Breakdown Voltage(l) 
dC = 10 mAdc, Ib = 0) 

MM4000 

MM4001 

MM4002 

MM4003 

V{BR)CEO 

100 

150 

200 

250 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

(Ie = 0, Ic = 100 Mdc) 

MM4000 


100 

— 



MM4001 


150 

— 



MM4002 


200 

— 



MM4003 


250 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

4.0 

— 

Vdc 

(Ie = 100 /LAAdc, Ic = 0) 






Collector Cutoff Current 


■CBO 



/xAdc 

(VcB = 50 Vdc, Ie = 0) 

MM4000 


— 

1.0 


(VcB = 75 Vdc, Ie = 0) 

MM4001 


— 

1.0 


(VcB = 150 Vdc, Ie = 0) 

MM4002, MM4003 


— 

5.0 



ON CHARACTERISTICS 


DC Current Gain(1) 
dC = 10 mAdc, VcE = 10 Vdc) 

hpE 

20 

— 

- 

Collector-Emitter Saturation Voltage(l) 

VcE(sat) 



Vdc 

dC = 10 mAdc, Ib = 1.0 mAdc) MM4000, MM4001 


— 

0.6 


MM4002, MM4003 


— 

5.0 



SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 

Cobo 

— 


PF 

(VcB = 20 Vdc, Ie = 0, f = 100 kHz) MM4000 


— 

6.0 


MM4001 


— 

10 


MM4002, MM4003 


— 

20 



(1) Pulse Test: PW ^ 300 /las, Duty Cycle ^ 2.0%. 

^Refer to 2N3634 for graphs for MM4001. 

Refer to 2N4930 for graphs for MM4002 and MM4003. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 





MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

1.0 

Adc 

Total Device Dissipation @ Ta = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


5.71 

mwrc 

Total Device Dissipation @ Tq = 25°C 

Pd 

7.0 

Watts 

Derate above 25°C 


40 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj/ Tgtg 

— 65 to + 200 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

25 

X/W 

Thermal Resistance, Junction to Ambient 

R0Ja(i) 

175 

x/w 


(1) R0JA 's measured with the device soldered into a typical printed circuit board. 



ELECTRICAL CHARACTERISTICS (T/v = 25°C unless otherwise noted.) 

Characteristic ~T Symbol ~j Min | Typ Max T Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dC = 10 mAdc, Ib = 0) 

V(BR)CEO 

60 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = lOO/iAdc, Ie = 0) 

V{BR)CBO 

60 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 100 fiAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 50 Vdc, Ie = 0) 

'CBO 

— 


100 

nAdc 

Emitter Cutoff Current 
(Vbe = 3.0 Vdc, Ie = 0) 

Iebo 



100 

nAdc 


ON CHARACTERISTICS{2) 


DC Current Gain 
dC = 1.0 mAdc, VcE = TO Vdc) 
dC = 150 mAdc, Vqe = TO Vdc) 

hPE 

40 

50 

90 

150 

_ 

— 

Collector-Emitter Saturation Voltage 
dC = 150 mAdc, Ib = 15 mAdc) 

VCE(sat) 

— 

0.1 

— 

Vdc 

Base-Emitter Saturation Voltage 

(Ic = 150 mAdc, Ib = 15 mAdc) 1 

VBE(sat) 

— 

0.7 

— 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 

(Ic = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

Tr 

50 

250 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

Cobo 

— 

10 

— 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

Cibo 

— 

100 

— 

PF 


(2) Pulse Test: Pulse Width ^ 300 ju,s, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 


Vdc 

MM4036 


65 


MM4037 


40 


Collector-Base Voltage 

VCBO 


Vdc 

IVIM4036 


90 


IVIM4037 


60 


Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Base Current 

'b 

500 

mAdc 

Collector Current — Continuous 

Ic 

1.0 

Adc 

Total Device Dissipation @ Ta = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


5.71 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

7.0 

Watts 

Derate above 25°C 


40 

mW/X 

Operating and Storage Junction 

I'd' Tstg 

- 65 to - 1 - 200 

X 

Temperature Range 





Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

25 

X/W 

Thermal Resistance, Junction to Ambient 

R0Ja(i) 

175 

x/w 


(1) R^ja is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ [ Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 

(Ic = 10 mAdc, Ib = 0) 

MM4036 

MM4037 

V(BR)CEO 

65 

40 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 




Vdc 

dC = 100 fxAdc, Ie = 0) 

MM4036 


90 

— 

— 


dC = 10 AtAdc, Ie = 0) 

MM4037 


60 

— 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 




Vdc 

(Ie = 100 AAdc, Ic = 0) 

MM4036 


5.0 

— 

— 


(Ie = 1.0 AAdc, Ic = 0) 

MM4037 


5.0 

— 

— 


Collector Cutoff Current(l) 


ICEV 





(VcE = 60 Vdc, VBE(off) = 1.5 Vdc) 

MM4036 




— 

250 

nAdc 

(VcE = 30 Vdc, VBE(off) = 1-5 Vdc, Tc = 150X) 

MM4036 


— 

— 

100 

/uAdc 

Collector Cutoff Current 


•CBO 

— 

— 

250 


(VcB = 60 Vdc, Ie = 0) 

MM4036, MM4037 





nAdc 

Emitter Cutoff Current 


Iebo 




/uAdc 

(Vbe = 3.0 Vdc, Ic = 0) 

MM4036 


— 

— 

250 


(Vbe = 5.0 Vdc, Ic = 0) 

MM4037 




— 

1.0 



ON CHARACTERISTICS(2) 


DC Current Gain 


hpE 




_ 

dC = 100 ixAdc, VcE - 10 Vdc) 

MM4036 


20 

50 

— 


dC = 150 mAdc, VcE = 2.0 Vdc) 

MM4036 


20 

60 

200 


dC = 150 mAdc, VcE = 10 Vdc) 

MM4036 


40 

90 

140 


dC = 500 mAdc, VcE = 10 Vdc) 

MM4036 


20 

40 

— 


dC = 1.0 mAdc, VcE = 10 Vdc) 

MM4037 


15 

50 

— 


dC = 150 mAdc, VcE = 10 Vdc) 

MM4037 


50 

75 

250 


Collector-Emitter Saturation Voltage 


VcE(sat) 




Vdc 

(Ic = 150 mAdc, Ib = 15 mAdc) 

MM4036 

— 

0.3 

0.65 


MM4037 



0.3 

1.4 


Base-Emitter Saturation Voltage 


VBE(sat) 
1 

— 

1.0 

1.4 

Vdc 

(IC = 150 mAdc, Ib = 15 mAdc) 



1 
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MM4036, MM4037 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 50 mAdc, Vqe = 10 Vdc, f = 20 MHz) 

fT 

60 

100 

— 

MHz 

Input Capacitance 

(Vbe = 0.5 Vdc. Ic = 0, f = 1.0 MHz) MM4036, MM4037 

Cibo 

— 

60 

— 

PF 

Collector-Base Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) MM4036 

MM4037 

Ccb 

- 

20 

20_j 

30 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Vcc = 30 Vdc, Ic = 150 mAdc, 

Ibi = 15 mAdc) 

^on 

— 

40 

75 

ns 

Turn-Off Time 

(Vcc = 6.0 Vdc, Ic = 150 mAdc, 

Ibi “ IB2 = 15 mAdc) j 

toff 

— 

110 

175 

ns 


(2) Pulse Test; Pulse Width ^ 300 /as. Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

MM4257 

MM4258 

Unit 

Collector-Emitter Voltage 

VCEO 

6.0 

12 

Vdc 

Collector-Base Voltage 

VCBO 

6.0 

12 

Vdc 

Emitter-Base Voltage 

vebo 

4.5 

Vdc 

Collector Current — Continuous 

ic 

200 

mAdc 

Total Device Dissipation @ T/\ = 25°C 

Pd 

360 

mW 

Derate above 25°C 


2.06 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.2 

Watts 

Derate above 25°C 


6.86 

mW/°C 

Operating and Storage Junction 

Tj/ Tstg 

-65 to +200 ; 

X 

Temperature Range 





ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 


IViM4258 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 




'2 


SWITCHING TRANSISTOR 

PNP SILICON 


Characteristic 


Symbol 


Typ 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

(Ic =100 /xAdc, V0E = 0) 

V(BR)CES 

12 

! 

— 

Vdc 

Collector-Emitter Sustaining Voltage(l) 

VcEO(sus) 

12 

— 

— 

Vdc 

dC = 3.0 mAdc, Ib = 0) 






Collector-Base Breakdown Voltage 

V(BR)CBO 

12 

— 

— 

Vdc 

dC = 100/xAdc, Ie = 0) 






Emitter-Base Breakdown Voltage 

V(BR)EBO 

4.5 

— 

— 

Vdc 

(Ie = 100 AtAdc, Ic = 0) 






Collector Cutoff Current 

Ices 




)LtAdc 

(VcE = 6.0 Vdc, Vbe = 0) 


— 

— 

0.01 


(VcE = 3.0 Vdc, Vbe = Ta = +65°C) 


— 

— 

5.0 



ON CHARACTERISTICSd) 


DC Current Gain 
dC = 1.0 mAdc, VcE = 0.5 Vdc) 
dC = 10 mAdc, VcE = 0.3 Vdc) 
dc = 50 mAdc, VcE = 1-0 Vdc) 

hPE 

15 

30 

30 

- 

120 


Collector-Emitter Saturation Voltage 

VCE(sat) 




Vdc 

dc = 10 mAdc, Ib = 1.0 mAdc) 


— 

— 

0.15 


(Ic = 50 mAdc, Ib = 5.0 mAdc) 


— 

— 

0.5 


Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

(Ic = 10 mAdc, Ib = 1.0 mAdc) 


0.75 

— 

0.95 


(Ic = 50 mAdc, Ib = 5.0 mAdc) 


— 

— 

1.5 



SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dc = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 
dc = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 

fT 

700 

— 

— 

MHz 

Input Capacitance 

(Vbe = 0-5 Vdc, Ic = 0, f = 100 kHz) 

Cibo 

— 

— 

3.5 

PF 

Collector-Base Capacitance 
(VcB = 5 0 Vdc, Ie = 0, f = 100 kHz) 

^cb 

— 

— 

3.0 

PF 
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MM4258 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic | SymboT^ 

SWITCHING CHARACTERISTICS 

Turn-On Time ton 

Delav Time (Vcc = 1-5 Vdc, Vbe = 0, T 

IC = 10 mAdc, Ibt = 1.0 mAdc) 


Delay Time 
Rise Time 
Turn-Off Time 
Storage Time 
Fall Time 


(Vcc = 1-5 Vdc, 

Ic = 10 mAdc, 

Iri = *62 = ”'•0 mAdc) 


Storage Time 

dC ”= 10 mAdc, Ibi == 10 mAdc, Ib 2 ” 10 mAdc) 

(1) Pulse Test: Pulse Width « 300 fxs, Duty Cycle « 2.0%. 

(2) fj is defined as the frequency at which |hfe| extrapolates to unity. 


ton 

— 

10 

15 

td 

— 

5.0 

10 

tr 

— 

5.0 

15 

toff 

— 

16 

20 

ts 

- 

8.0 

20 

tf 

— 

8.0 

10 

ts 

_ 

_ 

20 



TYPICAL TRANSIENT CHARACTERISTICS 


FIGURE 1 — CURRENT-GAIN — BANDWIDTH PRODUCT 


FIGURE 2 — CAPACITANCE 


2000 Vce = 5.0VMM4257- 

VCE = 10 V MM4258 
Tj = 250c 


3001 M ill 
0.5 0.7 1.0 


2.0 3.0 5.0 7.0 10 

Ic, COLLECTOR CURRENT (mA) 


20 30 50 



0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 1 

Vr, reverse voltage (VOLTS) 


FIGURE 3 — TURN-ON TIME 


FIGURE 4 — TURN-OFF TIME 


-IC/lR = 10 
: Tj = 250c 



5.0 7.0 10 20 30 

50 70 100 1 

I.O 2.0 

3.0 5.0 7.0 10 20 30 

50 70 100 

Ic, COLLECTOR CURRENT (mA) 



Ic, COLLECTOR CURRENT (mA) 
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hpE, DC CURRENT GAIN 


MM4258 


FIGURE 5 — SWITCHING TIME TEST CIRCUIT 




V(n 

Volts 

vbb 

Volts 

vcc 

Volts 

R1 

Ohms 

R2 

Ohms 

R3 

Ohms 

ic 

mA 

IBI 

mA 

lB2 

mA 

ton 

-5.8 

GND 

-1.5 

130 

2.2 k 

5 k 

mm 


- 

toff 

+9.8 

-8.0 

-1.5 

130 

2.2 k 

5k 

10 

1.0 

1.0 

ts 

+9.0 

-10 

-3.0 

270 

510 

390 

10 

LI0_ 

10 


FIGURE 6 — DC CURRENT GAIN FIGURE 7 — "ON" VOLTAGES 
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MAXIMUM RATINGS 


Rating 

Symbol 

MM5005 

MM5006 

MM5007 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

80 

100 

Vdc 

Collector-Base Voltage 

VCBO 

80 

100 

120 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

•c 

2.0 

Adc 

Total Device Dissipation 
@ Ta = 25°C 

Derate above 25°C 

Pd 

1,5 

8.57 

Watts 

mW/°C 

Total Device Dissipation 
@ Tc = 25°C 

Derate above 25°C 

pd 

8.0 

45.7 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj/ Tstg 

-65 to +200 

X 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 10 mAdc, Ib = 0) 

MM5005 

MM5006 

MM5007 

V(BR)CEO 

60 

80 

100 

- 

Vdc 

Collector-Base Breakdown Voltage 


V(BR)CBO 



Vdc 

dC = 100 AAdc, Ie = 0) 

MM5005 


80 

— 



MM5006 


100 

— 



MM5007 


120 

— 


Emitter-Base Breakdown Voltage 


V(BR)EBO 

5.0 

— 

Vdc 

dE = 100 AAdc, Ic = 0) 






Collector Cutoff Current 


ICBO 



nAdc 

(VcB = 60 Vdc, Ie = 0) 

MM5005 


— 

200 


(VcB = 80 Vdc, Ie = 0) 

MM5006 


— 

200 


(VcB = 100 Vdc, Ie = 0) 

MM5007 


— 

200 


Emitter Cutoff Current 


Iebo 

— 

100 

nAdc 

(Veb = 4.0 Vdc, Ic = 0) 







ON CHARACTERISTICS 


DC Current Gain 

(Ic = 1.0 mAdc, VcE = TO Vdc) 
dC = 150 mAdc, Vce = 2.5 Vdc) 
dC = 200 mAdc, Vce = 2.5 Vdc) 
dC = 250 mAdc, Vce = 2.5 Vdc) 

All Types 

MM5005 

MM5006 

MM5007 

hpE 

40 

50 

50 

50 

250 

250 

250 


Collector-Emitter Saturation Voltage 
dC = 150 mAdc, Ib = 15 mAdc) 


VCE(sat) 

— 

0.5 

Vdc 

Base-Emitter On Voltage 
dC = 150 mAdc, Vce = 2.5 Vdc) 


VBEIon) 

0.65 

0.8 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(l) 
dC = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 

fr 

30 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

— 

20 

pF 


(1) Pulse Test: Pulse Width 300 fis, Duty Cycle 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

50 

Vdc 

Collector-Emitter Voltage 

VCES 

60 

Vdc 

Collector-Base Voltage 

VCBO 

75 

Vdc 

Emitter-Base Voltage 

Vebo 

5.0 

Vdc 

Collector Current — Continuous 

ic 

2.0 

Adc 

Total Device Dissipation @ T/^ = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


5.71 

mW/X 

Total Device Dissipation @ Tq = 25°C 

Pd 

4.0 

Watts 

Derate above 25°C 


22.8 

mW/°C 

Operating and Storage Junction 

7j/ Tstg 

-65 to +200 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R^jc 

44 

X/W 

Thermal Resistance, Junction to Ambient 

R0Ja(i) 

175 

x/w 


(1) R0JA is measured with the device soldered into a typical printed circuit board. 



ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 

(Ic = 10 mAdc, Ib = 0) 

V(BR)CEO 

40 

— 

— 

Vdc 

Collector-Emitter Breakdown Voltage 
(Ic = 1.0 mAdc, Vbe = 0) 

V(BR)CES 

60 

— 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 10 /xAdc, Ie = 0) 

V(BR)CBO 

75 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 /iAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 75 Vdc, Ie = 0) 

ICBO 

— 

— 

100 

/u-Adc 

Collector Cutoff Current 
(VcE = 60 Vdc, Vbe = 0) 

Ices 

— 

— 

10 

IxAdc 

Emitter Cutoff Current 
(Vbe = 5.0 Vdc, Ic = 0) 

Iebo 

— 

— 

100 

fjiAdc 


ON CHARACTERISTICS(2) 


DC Current Gain 

dC = 100 mAdc, VcE = l -O Vdc) 
dC = 500 mAdc, VcE = 1-0 Vdc) 
dC = 1.0 Adc, VcE = 1.0 Vdc) 

hPE 

35 

40 

25 

100 

65 

35 

- 


Collector-Emitter Saturation Voltage 
(Ic = 1.0 Adc, Ib = 100 mAdc) 

VCE(sat) 

— 

0.29 

0.8 

Vdc 

Base-Emitter Saturation Voltage 
(IC = 1.0 Adc, Ib = 100 mAdc) 

VBE(sat) 

— 

0.94 

1.4 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 50 mAdc, VcE = 10 Vdc, f = 100 MHz) 

fT 


350 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 

^obo 


7.3 

— 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

^ibo 

— 

72 

— 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

Ion 

— 

16 

30 

ns 

Turn-Off Time 

toff 

- 

28 

60 

ns 


(2) Pulse Test: Pulse Width < 300 jxs, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

MM5415 

MM5416 

Unit 

Collector-Emitter Voltage 

VCEO 

200 

300 

Vdc 

Collector-Base Voltage 

VCBO 

200 

350 

Vdc 

Emitter-Base Voltage 

vebo 

4.0 

7.0 

Vdc 

Base Current 

Ib 

0.5 

Adc 

Collector Current — Continuous 

ic 

1.0 

Adc 

Total Device Dissipation @ Ta = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


6.7 

W/°C 

Total Power Dissipation @ Tc = 50°C 

Pd 

10 

Watts 

Linear Derating Factor 


0.057 

mW/X 

Operating and Storage Junction 

Tj/ Tstg 

-65 to -1-200 

°C 

Temperature Range 





Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

17.5 

X/W 

Thermal Resistance, Junction to Ambient 

R^ja 

150 

x/w 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Mhi I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
dC = 10 mA, Ib = 0) 

MM5415 

MM5416 

VCEO(sus) 

200 

300 

- 

Vdc 

Collector Cutoff Current 


'CEO 

_ 

50 

yuAdc 

(VcE = 150 Vdc, Ib = 0) 

MM5415, MM5416 





Collector Cutoff Current 


'CBO 




(VcE = 175 Vdc, Ie = 0) 

MM5415 


— 

50 

/Li Adc 

(VcE = 280 Vdc, Ie = 0) 

MM5416 


— 

50 

fxAdc 

Emitter Cutoff Current 


'ebo 



fxAdc 

(Vbe = 4.0 Vdc, Ic = 0) 

MM5415 


— 

20 


(Vbe = 7.0 Vdc, Ic = 0) 

MM5416 


— 

20 



ON CHARACTERISTICS 


DC Current Gain 
dC = 50mAdc, VcE = 10 Vdc) 

MM5415 

MM5416 

hpE 

30 

30 

150 

120 

— 

Collector-Emitter Saturation Voltage 
(Ic = 50 mAdc, Ib = 5.0 mAdc) 

MM5415, MM5416 

VCE(sat) 

— 

2.5 

Vdc 

Base-Emitter On Voltage 
dC = 50 mAdc, VcE = 10 V) 

MM5415, MM5416 

VBE(on) 

— 

1.5 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
dC = 10 mAdc, VcE = 10 Vdc, f = 5.0 MHz) 

fT 

15 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, f = 1.0 MHz) 

Cobo 

— 

25 

PF 

Current Gain — High Frequency 
dC = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 

l^^fel 

25 

— 

— 

Real Part of Input Impedance 
dC = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 MHz) 

Re(hje) 

— 

300 

Ohms 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

Vdc 

Collector-Base Voltage 

VCBO 

50 

Vdc 

Emitter-Base Voltage 

Vebo 

12 

Vdc 

Collector Current — Continuous 

'c 

300 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

375 

mW 

Derate above 25°C 


2.14 

W/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.25 

Watts 

Derate above 25°C 


7.15 

W/°C 

Operating and Storage Junction 
Temperature Range 

Tjr Tstg 

-65 to -1-200 

X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

1 

R^jc 

140 

°C/W 

1 

Thermal Resistance, Junction to Ambient 

R^ja 

467 

°c/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min [ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 

(IC = 1.0 mAdc, Ib = 0) 

V(BR)CEO 

40 

— 

Vdc 

Collector-Base Breakdown Voltage 
dC = 100 AAdc, Ie = 0) 

V(BR)CBO 

50 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 AAdc, Ic = 0) 

V(BR)EBO 

12 

— 

Vdc 

Collector Cutoff Current 
(VcB = 30 Vdc, Ie = 0) 

•CBO 

— 

100 

nAdc 

Emitter Cutoff Current i 

(Vbe = 10 Vdc, Ic = 0) 

Iebo 

— 

100 

nAdc 


ON CHARACTERISTICS! 1) 


DC Current Gain 
dC = 10 mAdc, VcE = 5.0 Vdc) 
dC = 100 mAdc, VcE = 5.0 Vdc) 

hpE 

5000 

10,000 

- 

— 

Collector-Emitter Saturation Voltage 
dC = 100 mAdc, Ib = 0.1 mAdc) 

VCE(sat) 

— 

1.5 

Vdc 

Base-Emitter On Voltage 
dC = 100 mAdc, VcE = 5.0 Vdc) 

VBE(on) 

— 

2.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

— 

8.0 

PF 

Input Capacitance 

(Vbe = 0.5 Vdc, Ic = 0, f = 100 kHz) 

o 

6 

— 

15 

PF 

Small-Signal Current Gain(1) 
dC = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 

hfe 

1.25 

— 

— 


(1) Pulse Test: Pulse Width ^ 300 fxs, Duty Cycle 2.0%. 
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MQ982 For Specifications, See MD982,F Data. 

MQ1120 For Specifications, See MD1121 Data. 
M(12218,A/MQ2219,A For Specifications, See MD2218,A,AF Data. 

MQ2369 For Specifications, See MD2369,A,B Data. 
MQ2904/Mq2905A For Specifications, See MD2904,A,AF Data. 
MQ3251 For Specifications, See MD3250,A,F,AF Data. 

MQ3467 For Specifications, See MD3467 Data. 

MQ3725 For Specifications, See MD3725,F Data. 

IVIQ3762 For Specifications, See MD3762,F Data. 

MQ6001 For Specifications, See MD6001,F Data. 

MQ7001 For Specifications, See MD7001,F Data. 

MQ7003 For Specifications, See MD7003,A,B Data. 

MQ7007 For Specifications, See MD7007,A,B,BF Data. 

MQ7021 For Specifications, See MD7021,F Data. 
IVIPQ2221/MPQ2222 For Specifications, See MHQ2222 Data. 
IVIPQ2369 For Specifications, See MHQ2369 Data. 
MPQ2906/IVIPQ2907 For Specifications, See MHQ2906 Data. 
MPQ3546 For Specifications, See MHQ3546 Data. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Collector-Base Voltage 

VCBO 

60 

Vdc 

Emitter-Base Voltage 

vebo 

5.0 

Vdc 

Collector Current — Continuous 

'c 

500 

mAdc 




All Die 




One Die 

Equal Power 


Total Power Dissipation 

Pd 



mW 

@ Ta = 25°C 


400 

600 


Derate above 25°C 


2.28 

3.42 

mwrc 

Total Device Dissipation 

Pd 



Watts 

@ Tc = 25°C 


0.9 

3.6 


Derate above 25°C 


5.13 

20.5 

mW/X 

Operating and Storage Junction 

Tj' Tstg 

-65 to -h200 

X 

Temperature Range 





IVIQ1129 

CASE 607-04, STYLE 1 



14 13 12 11 10 9 8 

XI 


NPN 



1 2 3 4 5 6 7 




TO 


QUAD 

AMPLIFIER TRANSISTORS 

NPN SILICON 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

One Die 

All Die 
Equal Power 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

195 

48.8 

X/W 

Thermal Resistance, Junction to Ambient 

RfljAd) 

438 

292 

x/w 



Junction to 

Junction to 




Ambient 

Case 


Coupling Factors 




% 

MQ1129 (Q1-Q2) 


57 

0 


(Q1-Q3 or Q1-Q4) 


55 

0 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
dc = 10 mAdc, Ib = 0) 

V(BR)CEO 

30 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
dc = 10 ^Adc, Ie = 0) 

V(BR)CBO 

60 

— 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(Ie = 10 /LtAdc, Ic = 0) 

V(BR)EBO 

5.0 

— 

— 

Vdc 

Collector Cutoff Current 
(VcB = 50 Vdc, Ie = 0) 

(VcB = 50 Vdc, Ie = 0, Ta = 150X) 

ICBO 

- 

- 

10 

10 

nAdc 

^Adc 

Emitter Cutoff Current 
(Vbe = 3.0 Vdc, Ic = 0) 

Iebo 

— 

— 

10 

nAdc 
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MQ1129 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


1 

Characteristic 

1 Symbol 

1 Min 

Typ 

1 Max 

Unit 1 

ON CHARACTERISTICS 








DC Current Gain(2) 
dC = 10 AAdc, VcE = 10 Vdc) 
dC = 100 AAdc, VcE = 10 Vdc) 

(IC = 1.0 mAdc, VcE = 10 Vdc) 
dC = 10 mAdc, VcE = 10 Vdc) 

hPE 

60 

100 

100 

100 

120 

140 

300 


Collector-Emitter Saturation Voltage 
(IC = 10 mAdc, Ib = 1.0 mAdc) 

VcE(sat) 



0.09 

0.1 

Vdc 

Base-Emitter Saturation Voltage 
dC = 10 mAdc, Ib = 1.0 mAdc) 

VBE(sat) 

— 

0.7 

0.85 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
dC = 20 mAdc, Vqe = 10 Vdc, f = 100 MHz) 

fT 

200 

250 

— 

MHz 

Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 100 kHz) 

Cobo 

— 

3.5 

8.0 

pF 


MATCHING CHARACTERISTICS (MD1129, MD1129F) 


DC Current Gain Ratio(3) 
dC = 100 AAdc, VcE = 10 Vdc) 
dC = 1.0 mAdc, VcE = 10 Vdc) 

hFEl/hFE2 

0.9 

0.9 

- 

1.0 

1.0 

— 

Base-Emitter Voltage Differential 

|Vbei-Vbe2I 




mVdc 

dC = 100 AAdc, VcE = 10 Vdc) 


— 

— 

5.0 


dC = 1.0 mAdc, VcE = 10 Vdc) 


— 

— 

5.0 


Base-Emitter Voltage Differential Change Due to Temperature 

A{Vbei-VbE2) 




mVdc 

(IC = 100 ixA6c, VcE = 10 Vdc, Ta = -55 to +25°C) 


— 

— 

0.8 


dC = 100 fiAdc, VcE = 10 Vdc, Ta = +25 to +125X) 


— 

— 

1.0 



(1) R^ja is measured with the device soldered into a typical printed circuit board. 

(2) Pulse Test: Pulse Width ^ 300 /xs, Duty Cycle 2.0%. 

(3) The lowest hpE reading is taken as hpEi for this ratio. 
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CASE 20-03 
(TO-206AF) 

tO-72 
4 



' CASE 29-03 
(TO-226AE) 1 

1 UIJ// 1 WATT TO-92 2 

^ 3 



1 CASE 632-08 
(TO-116) 



1 CASE 646-06 
(TO-116) 


CASE 648-08 


Field-Effect HI 
Transistors Um 


The data sheets on the following pages are designed to 
emphasize those FET’s that by virtue of widespread industry 
use, ease of manufacture, and consequently low relative cost, 
merit first consideration for new equipment design. Package 
options from low-cost plastic to metal packages are available. 

This section contains both single and multiple field-effect 
transistors. 

CAUTION: 

Static electricity is a surface phenomenon which most com- 
monly occurs when two dissimilar materials come into contact 
and then separate. Electro Static Discharge (ESD) damage of 
semiconductor components by operating personnel is quickly 
becoming a very prominent and significant problem. From simple 
bipolar designs to sensitive MOSFET structures, ESD has its 
unforgiving effect of degradation or destruction. 

Motorola believes it is important to extend an emphasizing 
note of cautiousness when handling and testing ANY FET prod- 
uct. Precautions include, but are not limited to, the implemen- 
tation of static safe workstations and proper handling techniques 
(see below). Additionally, it is very important to keep FET devices 
in their antistatic shipping containers and away from any static- 
generating materials. 

HANDLING CONSIDERATIONS: 

MOS Field-Effect Transistors, due to their extremely high input 
resistance, are subject to potential damage by the accumulation 
of excess static charge. To avoid possible damage to the devices 
while handling, testing, or in actual operation, the following pro- 
cedure should be followed: 

1 . The leads of the devices should remain wrapped in the 
shorting spring except when being tested or in actual oper- 
aiton to avoid the build-up of static charge. 

2. Avoid unnecessary handling; when handled, the devices 
should be picked up by the can instead of the leads. 

3. The devices should not be inserted or removed from cir- 
cuits with the power on as transient voltages may cause 
permanent damage to the devices. 
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2N2843 

2N2844 


CASE 22-03, STYLE 12 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

30 

Vdc 

Drain-Gate Voltage 

VdG 

30 

Vdc 

Gate-Source Voltage 

VgS 

30 

Vdc 

Drain Current 

Id 

50 

mA 

Total Device Dissipation @ Ta = 25°C 

Pd 

300 

mW 

Derate above 25°C 


1.7 

mW/X 

Storage Temperature Range 

I§tg 

-60 to +200 

X 



JFETs 

GENERAL PURPOSE 

P-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) ^ 

Characteristic | Symbol | Min | Max | Unit 



OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(IG = 1.0 aA) 

V(BR)GSS 

30 

— 

Vdc 

Gate Reverse Current 
(Vgs = 5.0 V) 

Igss 

— 

10 

nA 

Gate Source Cutoff Voltage 
(Vds = -5.0 V, Id = -1.0 aA) 

VGS(off) 

— 

1.7 

Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 


Idss* 




(Vds = -5.0 V) 

2N2843 


-200 

-1000 


2N2844 


-440 

-2200 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = -5.0 V, f = 1.0 kHz) 

2N2843 

2N2844 

lyfsl* 

540 

1400 

- 

/u-mhos 

Input Capacitance 


Ciss 



PF 

(Vds = -5.0 V, Vgs = l.o V, f = 140 kHz) 

2N2843 


— 

17 



2N2844 


— 

30 



FUNCTIONAL CHARACTERISTICS 


Noise Figure 

NF 

— 

3.0 

dB 

(Vds == -5.0 V, f = 1.0 kHz, Rg = 1.0 meg) 






*Pulse Width 630 ms. Duty Cycle = 10%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Gate Voltage 

VdG 

20 

Vdc 

Reverse Gate-Source Voltage 

VqSR 

20 

Vdc 

Gate Current 

'g 

10 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

300 

mWatts 

Derate above 25°C 


1.7 

mW/X 

Storage Temperature Range 

I§tg 

-65 to -1-200 

°C 


2N3330 

CASE 20-03, STYLE 5 
TO-72 {TO-206AF) 



2 

Gate 


j urai 


JFET 

AMPLIFIER 

JAN AND JTX AVAILABLE 

P-CHANNEL — DEPLETION 
Refer to 2N5460 for graphs. 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Max [ Unit [ 



OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(IG = 10)LtAdc,VDS = 0) 

V(BR)GSS 

20 

— 

Vdc 

Gate Reverse Current i 

Igss 




(Vgs = 10 Vdc, Vds = 0 ) 


— 

10 

nAdc 

(Vgs = 10 Vdc, Vds = O, Ta = 150°c) 


— 

10 

/xAdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(l) 

(Vds = -10 Vdc, Vgs = o) 

Idss 

-2.0 

-6.0 

mAdc 

Gate-Source Voltage 
(VdG = -15 Vdc, Id = 10 AAdc) 

Vgs 

— 

6.0 

Vdc 

Drain-Source Resistance 

(Id = 100 fiAdc, Vgs = o) 

rDS 

— 

800 

Ohms 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance(l) 

(Vds = -10 Vdc, Id = 2.0 mAdc, f = 1.0 kHz) 

(Vds = -10 Vdc, Id = 2.0 mAdc, f = 10 MHz) 

IVfsl 

1500 

1350 

3000 

/Ltmhos 

Output Admittance 

(Vds = -10 Vdc, Id = 2.0 mAdc, f = 1.0 kHz) 

IVosI 

— 

40 

)Ltmhos 

Reverse Transfer Conductance 
(Vds = -10 Vdc, Id = 2.0 mAdc, f = 1.0 kHz) 

IVrsI 

— 

0.1 

yu-mhos 

Input Conductance 

(Vds = -10 Vdc, Id = 2.0 mAdc, f = 1.0 kHz) 

IVisI 

— 

0.2 

yumhos 

Input Capacitance 

(Vds = -10 Vdc, Vgs = io vdc, f = i.o mhz) 

Ciss 

— 

20 

pF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 

NF 

— 

3.0 

dB 

(Vds = -5.0 Vdc, Id = i.o mAdc, Rg = 1.0 Megohm, f = 1.0 kHz) 






(1) Pulse Test: Pulse Width ^ 630 ms, Duty Cycle 10%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

20 

Vdc 

Drain-Gate Voltage 

VdG 

20 

Vdc 

Gate-Source Voltage 

VgS 

20 

Vdc 

Total Device Dissipation @ T/\ = 25°C 

Pd 

300 

mW 

Derate above 25°C 


1.7 

mW/X 

Storage Temperature Range 

“^stg 

-65 to +200 

°C 


2N3331 


CASE 20-03, STYLE 5 
TO-72 (TO-206AF) 



JFET 

LOW FREQUENCY 

P-CHANNEL — DEPLETION 


Refer to 2N5460 for graphs. 


ELECTRICAL CHARACTERISTICS = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | UniT 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(IG = 10 fiA) 

V(BR)GSS 

20 

- 

Vdc 

Gate Reverse Current 

(Vgs = 10 V, Vds = 0) 

'GSS 

— 

10 

nA 

Gate Source Cutoff Voltage 
(Vds = -15 V, Id = -io/^a) 

VGS(off) 

— 

8.0 

Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 

(Vds = -10 V, Vgs = o v) 

'dss* 

-5.0 

-15.0 

mA 

Drain-Source Resistance 

(Id = -100/liA,Vgs = 0) 

XS 

— 

800 

ohms 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = -10 V, Id = -5.0 mA, f = 1.0 kHz) 

Ivfsl* 

2000 

4000 

/Ltmhos 

Output Admittance 

(Vds = - 10 V, Id = - 2.0 mA, f = 1.0 kHz) 

IVosI* 

— 

100 

)u.mhos 

Forward Transfer Admittance 
(Vds = -10 V, Id = - 2.0 mA, f = 10 MHz) 

yfs* 

1350 

— 

/u,mhos 

Input Capacitance 

(Vds = -10 V, Vgs = i-o v, f = 1.0 mhz) 

Ciss 

— 

20 

PF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 

NF 



4.0 

dB 

(Vds = -5.0 V, Id = -I.OmA, Rg = 1.0 Maf = 1.0 kHz) 






*Pulse Width < 300 fis, Duty Cycle ^ 10%. 
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MAXIMUM RATINGS 


2N3437 

2N3438 


CASE 22-03, STYLE 4 
TO-18 (TO-206AA) 


Rating 

Symbol 

Value 

Unit 

Drain-Gate Voltage 

VdG 

50 

Vdc 

Gate-Source Voltage 

VgS 

50 

Vdc 

Gate Current 

Ig 

10 

mA 

Total Device Dissipation @ Ta = 25°C 

Pd 

300 

mW 

Derate above 25°C 


1.7 

mW/X 

Storage Temperature Range 

I§ta 

-65 to +200 

°C 



2 ura 

3 & Case/^L_r\ 


JFETs 

LOW FREQUENCY 

N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min [ Max [ Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 


V(BR)GSS 

50 

— 

Vdc 

(IG = 1-0 aA) 





Gate Reverse Current 


'GSS 

— 

0.5 

nA 

(Vgs = -30 V) 





Gate Source Cutoff Voltage 


VGSIoff) 



Vdc 

(Vds = 20 V, Id = 1-0 nA) 

2N3437 

— 

-5.0 



2N3438 


— 

-2.5 


Gate Source Voltage 


Vgs 



Vdc 

(Vds = 20 V, Id = 1.0 aA) 

2N3437 


— 

-4.8 j 



2N3438 


— 

-2.3 



ON CHARACTERISTICS 



Zero-Gate-Voltage Drain Current 


Idss* 



mA 

(Vds = 20 V) 

2N3437 


0.8 

4.0 



2N3438 


0.2 

1.0 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 20 V, f = 1.0 kHz) 

2N3437 

2N3438 

IVfsl 

1500 

800 

6000 

4500 

ju,mhos 

Output Admittance 


IVosI 



/i,mhos 

(Vds = 30 V,f = 1.0 kHz) 

2N3437 


— 

20 



2N3438 


— 

5.0 


Input Capacitance 


^iss 

— 

18 

PF 

(Vds = 10 V) 






(Vds = 6.0 V) 






(Vds = 4.0 V,f = 1.0 MHz) 







FUNCTIONAL CHARACTERISTICS 


Noise Figure 

NF 

— 

2.0 

dB 

(Vds = 10 V, Rq = 1.0 ma f = I.O kHz) 






*Pulse Width ^ 630 ms, Duty Cycle ^ 10%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Gate Voltage 

VdG 

50 

Vdc 

Gate-Source Voltage 

vgs 

50 

Vdc 

Gate Current 

Ig 

10 

mA 

Total Device Dissipation @ Ta = 25°C 

Pd 

300 

mW 

Derate above 25°C 


1.7 

mW/X 

Storage Temperature Range 

Istg 

-65 to +200 

X 


2N3459 

2N3460 

CASE 22-03, STYLE 4 
TO-18 (TO-206AA) 



c ura 

3 & Casef U—TN 


JFETs 

LOW FREQUENCY/ 
LOW NOISE 

N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(iQ = 1.0 aA) 

V{BR)GSS 

-50 

— 

Vdc 

Gate Reverse Current 
(Vgs = -30 V) 

Igss 

— 

-0.25 

nA 

Gate Source Cutoff Voltage 

(Vds = 20 V, Id = 1.0 /xA) 2N3459 

2N3460 

VGS(off) 

- 

-3.4 

-1.8 

Vdc 


ON CHARACTERISTICS 



Zero-Gate-Voltage Drain Current 


Idss* 



mA 

(Vds = 20 Volts) 

2N3459 


0.8 

4.0 



2N3460 


, 

1.0 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 20 Volts, f = 1.0 kHz) 

2N3459 

2N3460 

Ivfsl* 

1500 

800 

6000 

4500 

/xmhos 

Output Admittance 
(Vds = 30 Volts, f = 1.0 kHz) 

2N3459 

2N3460 

IVosI 

- 

20 

5.0 

/xmhos 

input Capacitance 

(Vds = 10 V) 


Ciss 

— 

18 

PF 

Output Capacitance 
(Vds = 30 V) 

i 

Coss 

1 

— 

5.0 

PF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 


NF 



dB 

(Vds = 10 V, f = 20 Hz, Rg = 1.0 MH) 

2N3459 


— 

4.0 



2N3460 


— 

1 



*Pulse Width ^ 100 ms, Duty Cycle 10%. 
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2N3796 

2N3797 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 


Vdc 

2N3796 


25 


2N3797 


20 


Gate-Source Voltage 

VgS 

±10 

Vdc 

Drain Current 

Id 

20 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

200 

mW 

Derate above 25°C 


1.14 

mW/°C 

Junction Temperature Range 

Tj 

+ 175 

X 

Storage Channel Temperature Range 

]jt9 

-65 to +200 

°C 


CASE 22-03, STYLE 2 
TO-18 (TO-206AA) 



MOSFETs 

LOW POWER AUDIO 

N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Typ | Max [ Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(Vqs = -4.0 V, Id = 5.0 aA) 

(Vgs = -7.0 V, Id = 5.0 aA) 

2N3796 

2N3797 

V(BR)DSX 

25 

20 

30 

25 

- 

Vdc 

Gate Reverse Current(l) 


igss 




pAdc 

(Vgs = -10 V, vds = o) 



— 

— 

1.0 


(Vgs = -10 V, Vds = 0, ta = i5ox) 



— 

— 

200 


Gate Source Cutoff Voltage 


VGS(off) 




Vdc 

(Id = 0.5 mA, Vds = io v) 

2N3796 


— 

-3.0 

-4.0 


(Id = 2.0 aA, Vds = lov) 

2N3797 


— 

-5.0 

-7.0 


Drain-Gate Reverse Current(l) 


'dgo 

— 

— 

1.0 

pAdc 

(Vdg = 10 V, Is = 0) 








ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 

(Vds = 10 V, Vgs = o) 

2N3796 

2N3797 

Idss 

0.5 

2.0 

1.5 

2.9 

3.0 

6.0 

mAdc 

On-State Drain Current 


iD(on) 




mAdc 

(Vds = 10 V, Vgs = +3.5 v) 

2N3796 


7.0 

8.3 

14 



2N3797 


9.0 

14 

18 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 


IVfsl 




/xmhos 

(Vds ^ 10 V, Vgs = o, f = i.o kHz) 

2N3796 


900 

1200 

1800 



2N3797 


1500 

2300 

3000 


(Vds = 10 V, Vgs = o, f = i.o mhz) 

2N3796 


900 

_ 

_ 



2N3797 


1500 

— 

— 


Output Admittance 


IVosi 




/Limhos 

(Vds = 10 V, Vgs = o, f = i.o kHz) 

2N3796 


— 

12 

25 



2N3797 


— 

27 

60 


Input Capacitance 


Ciss 




PF 

(Vds = 10 V, Vgs = o, f = i.o mhz) 

2N3796 


— 

5.0 

7.0 



2N3797 


— 

6.0 

8.0 


Reverse Transfer Capacitance 


^rss 

— 

0.5 

0.8 

PF 

(Vds = 10 V, Vgs = o, f = i.o mhz) 








FUNCTIONAL CHARACTERISTICS 


Noise Figure 

NF 

— 

3.8 

_ 

dB 

(Vds = 10 V, Vgs = O, f = i.o kHz, Rs = 3 megohms) 







(1) This value of current includes both the FET leakage current as well as the leakage current associated with the test socket and fixture 
when measured under best attainable conditions. 
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. GATE-SOURCE VOLTAGE (VOLTS) 'o, DRAIN CURRENT (mA) 


2N3796, 2N3797 

TYPICAL DRAIN CHARACTERISTICS 


FIGURE 1 — 2N3796 



FIGURE 2 — 2N3797 



COMMON SOURCE TRANSFER CHARACTERISTICS 


FIGURE 3 — 2N3796 


FIGURE 4 — 2N3797 




0.02 0.03 0.05 0.1 0.2 0,3 0.5 l.O 2.0 3.0 5.0 10 20 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3,0 5.0 10 20 

Id. DRAIN CURRENT (mA) lo. DRAIN CURRENT (mA) 
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I Yfel, FORWARD TRANSFER ADMIHANCE (/imhos) 


2N3796, 2N3797 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 

Id, DRAIN CURRENT (mA) 



1.0 ' ' — — i-j-a-t-uLj 1 

0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7,0 10 20 

Id, DRAIN CURRENT (mA) 




0.1 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 

Rs, SOURCE RESISTANCE (megohms) 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

50 

Vdc 

Drain-Gate Voltage 

VdG 

50 

Vdc 

Gate-Source Voltage 

VgS 

-50 

Vdc 

Drain Current 

Id 

10 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

300 

mW 

Derate above 25°C 

.I 

2.0 

mW/°C 

Junction Temperature Range 

Tj 

175 

X 

Storage Temperature Range 

Tstg 

-65 to +200 

X 


2N3821 

2N3822 

2N3824 

CASE 20-03, STYLE 1 
TO-72 (TO-206AF) 


3-{Cr\^ 

Gate V I — j / Case 
1 Source 


JFETs 

LOW FREQUENCY, LOW NOISE 

N-CHANNEL — DEPLETION 
JAN, JTX 2N3821 AND JAN, JTX 2N3822 
AVAILABLE 

Refer to 2N4220 for graphs. 




ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbd I Min I Max I Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(IG = -1.0 AtAdc, Vds = 0) 

V(BR)GSS 

-50 

— 

Vdc 

Gate Reverse Current 


'gss 



nAdc 

(VgS = -30Vdc, Vds = 0 ) 



— 

-0.1 


(VgS = -30 Vdc, Vds = 0, Ta = 150X) 



— 

-100 


Gate Source Cutoff Voltage 


VGS(off) 



Vdc 

(Id = 0.5 nAdc, Vds = 15 Vdc) 

2N3821 


— 

-4.0 



2N3822 


— 

-6.0 


Gate Source Voltage 


Vgs 



Vdc 

(Id = 50 /xAdc, Vds = 15 Vdc) 

2N3821 


-0.5 

-2.0 


(Id = 200 fiAdc, Vds = 15 Vdc) 

2N3822 


-1.0 

-4.0 


Drain Cutoff Current 


'D(off) 



nAdc 

(Vds = 15Vdc, Vgs = -S.OVdc) 

2N3824 


— 

0.1 


(Vds = 15 Vdc, Vgs = -so vdc, ta = i5ox) 

2N3824 


— 

100 



ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(l) 

(Vds = 15 Vdc, Vgs = O) 2N3821 

2N3822 

'dss 

0.5 

2.0 

2.5 

10 

mAdc 

Static Drain-Source On Resistance 
(Vgs = 0, Id = 0, f = I.O kHz) 2N3824 

•■DSIon) 

1 

— 

250 

Ohms 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 15 Vdc, Vgs = o, f = i.o kHz)(i) 

(Vds = 15 Vdc, Vgs = o, f = ioo mhz) 

2N3821 

2N3822 

2N3821 

2N3822 

IVfsl 

1500 

3000 

1500 

3000 

4500 

6500 

)u,mhos 

Output Admittance(l) 


IVosI 



/imhos 

(Vds = 15 Vdc, Vgs = O, f = i.o kHz) 

2N3821 


— 

10 



2N3822 


— 

20 


Input Capacitance 


Ciss 

— 

6.0 

PF 

(Vds = 15 Vdc, Vgs = o, f = i.o mhz) 






Reverse Transfer Capacitance 


Crss 



PF 

(Vds = 15 Vdc, Vgs = o, f = 1.0 mhz) 

2N3821 


— 

3.0 



2N3822 


— 

3.0 


(Vgs = - 8.0 Vdc, Vds = 0 , f = 1.0 mhz) 

2N3824 


— 

3.0 
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2N3821, 2N3822, 2N3824 


ELECTRICAL CHARACTERISTICS (continued) (Ta 

= 25°C unless otherwise noted.) 




Characteristic 


Symbol 

Min 

Max 

Unit 

FUNCTIONAL CHARACTERISTICS 

Noise Figure 

(Vds = 15 Vdc, Vqs = 0, Rs = 1.0 megohm, 
f = 10 Hz, Noise Bandwidth = 5.0 Hz) 

2N3821, 2N3822 

NF 


5.0 

dB 

Equivalent Input Noise Voltage 
(Vds = 15 Vdc, Vgs = O, f = 10 Hz, 

Noise Bandwidth = 5.0 Hz) 

2N3821, 2N3822 

1 

®n 

1 

200 

nv/HzV2 


(1) Pulse Test: Pulse Width ^ 100 ms. Duty Cycle ^ 10%. 
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2N3823 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

30 

Vdc 

Drain-Gate Voltage 

VdG 

30 

Vdc 

Gate-Source Voltage 

VgS 

-30 

Vdc 

Gate Current 

Ig 

10 

mAdc 

Total Device Dissipation @ T/^ = 25°C 

Pd 

300 

mW 

Derate above 25°C 


2.0 

mW/°C 

Junction Temperature Range 

Tj 

175 

X 

Storage Temperature Range 

I§lai 

-65 to +200 

X 


JAN, JTX, JTXV AVAILABLE 
CASE 20-03, STYLE 1 
TO-72 (TO-206AF) 



JFET 

VHF AMPLIFIER 

N-CHANNEL -- DEPLETION 


Refer to 2N4416 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol \ Min Max Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 

(Ig = -I.O/tAdc, Vds = 0) 

V(BR)GSS 

-30 

— 

Vdc 

Gate Reverse Current 

(Vqs = -20 Vdc, Vds = 0) 

(Vqs = -20 Vdc, Vds = 0, Ta = 150X) 

'gss 

- 

-0.5 

-500 

nAdc 

Gate Source Cutoff Voltage 
(Id = 0.5 nAdc, Vds = IS Vdc) 

VGS(off) 

— 

-8.0 

Vdc 

Gate Source Voltage 
(Id = 0.4 mAdc, Vds = IS Vdc) 

Vqs 

-1.0 

-7.5 

Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(l) 

'dss 

4.0 

20 

mAdc 

(Vds = 15Vdc, Vgs = O) 






SMALL’SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 15 Vdc, Vgs = o, f = i.o kHz)(i) 

(Vds = 15 Vdc, Vqs = 0, f = 200 MHz) 

IVfsl 

3500 

3200 

6500 

)Ltmhos 

Input Admittance 

(Vds = 15 Vdc, Vqs = 0, f = 200 MHz) 

Re(yis) 

— 

800 

^mhos 

Output Conductance 

(Vds = 15 Vdc, Vgs = o, f = i.o kHz)(i) 

(Vds = 15 Vdc, Vgs = o, f = 200 mhz) 

IYosI 

R^iVosI 


35 

200 

/Ltmhos 

Input Capacitance 

(Vds = 15 Vdc, Vgs = 0, f = 1.0 mhz) 

Ciss 


6.0 

PF 

Reverse Transfer Capacitance 
(Vds = 15 Vdc, Vqs = 0, f = 1.0 MHz) 

Crss 

— 

2.0 

PF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 

NF 

— 

2.5 

dB 

(Vds = 15 Vdc, Vgs = 0, Rs = 1000 ohms, f = 100 MHz) 






(1) Pulse Test: Pulse Width = 100 ms, Duty Cycle ^ 10%. 
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2N3909, A 


CASE 20-03, STYLE 5 
TO-72 (TO-206AF) 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

-20 

Vdc 

Drain-Gate Voltage 

VdG 

-20 

Vdc 

Reverse Gate-Source Voltage 

VgSR 

20 

Vdc 

Forward Gate Current 

Igf 

10 

mAdc 

Forward Gate-Source Voltage 

VgSF 

20 

Vdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

300 

mW 

Derate above 25°C 


2.0 

mW/X 

Storage Temperature Range 

I§tg 

-65 to +200 

X 



JFET 

AMPLIFIERS 

P-CHANNEL — DEPLETION 


Refer to 2N5460 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) (1) 

Characteristic | Symbol | Min | Max I Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(IG = 10 AAdc, Vds = 0) 

V(BR)GSS 

20 

— 

Vdc 

Gate Reverse Current 

Igss 




(Vgs = 10 Vdc, Vds = 0) 


— 

10 

nAdc 

(Vgs = 10 Vdc, Vds = o, Ta = loox) 


— 

1.0 

/nAdc 

Gate Source Cutoff Voltage 

VGS(off) 



Vdc 

(Vds = -10 Vdc, Id = 10 /lAdc) 2N3909 


— 

8.0 


2N3909A 


— 

8.0 


Gate Source Voltage 

Vgs 

0.3 

7.9 

Vdc 

(Vds = -10 Vdc, Id = 30 yuAdc) 






ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(2) 


loss 



mAdc 

(Vds = -10 Vdc, Vgs = o) 

2N3909 


-0.3 

-15 



2N3909A 


-1.0 

-15 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance(2) 

(Vds = - <0 Vdc, Vgs = O, f = l.o kHz) 

(Vds = -10 Vdc, Vgs = o, f = io mhz) 

2N3909 

2N3909A 

2N3909 

2N3909A 

IVfsl 

1000 

2200 

900 

2000 

5000 

5000 

/Ltmhos 

Output Admittance 


IVosl 

— 

100 

Amhos 

(Vds = -10 Vdc, Vgs = O, f = I.O kHz) 






Input Capacitance 


Ciss 



PF 

(Vds = - 10 Vdc, Vgs = o, f = i.o mhz) 

2N3909 


— 

32 



2N3909A 


— 

9.0 


Reverse Transfer Capacitance 


Crss 



pF 

(Vds = -10 Vdc, Vgs = o, f = i.o mhz) 

2N3909 


— 

16 



2N3909A 


— 

3.0 



(1) The fourth lead (case) is connected to the source for all measurements. 

(2) Pulse Test: Pulse Width « 630 ms, Duty Cycle ^ 10%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

40 

Vdc 

Drain-Gate Voltage 

VdG 

40 

Vdc 

Reverse Gate-Source Voltage 

Vqsr 

40 

Vdc 

Forward Gate Current 

Igf 

50 

mAdc 

Total Device Dissipation @ Tq ?= 25°C 

Pd 

1.8 

Watts 

Derate above 25°C 

10 

mW/°C 

Storage Temperature Range 

^stg 

-65 to +200 

X 


2N3970 

thru 

2N3972 

CASE 22-03, STYLE 4 
TO-18 (TO-206AA) 



Gate & Case^ 
3 




"2 

JFETs 

SWITCHING 

N-CHANNEL — DEPLETION 


1 Source 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


Symbol 

Min 

Max 

Unit 1 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage (Iq = 1-0 /x.Adc, Vqs = 0) 

V(BR)GSS 

40 

— 

Vdc 

Gate Reverse Current (Vqs = 20 Vdc, Vps = 0) 

igss 

_ 

250 

pAdc 

Drain Reverse Current (Vdg = 20 Vdc, 1$ = 0) 


•dgo 

— 

250 

pAdc 

(Vdg = 20 Vdc, Is = 0, Ta = 150°C) 



— 

500 

nAdc 

Drain Cutoff Current (Vqs = 20 Vdc, Vqs = "12 Vdc) 


iD(off) 

— 

250 

pAdc 

(Vds = 20 Vdc, Vqs = -12 Vdc, Ta = 150°C) 



— 

500 

nAdc 

Gate Source Voltage (Vds = 20 Vdc, Iq = 1-0 nAdc) 

2N3970 

vgs 

-4.0 

-10 

Vdc 


2N3971 


-2.0 

-5.0 



2N3972 


-0.5 

-3.0 


ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(l) (Vqs = 20 Vdc, Vqs = 0) 

2N3970 

'dss 

50 

150 

mAdc 


2N3971 


25 

75 



2N3972 


5.0 

30 


Drain-Source On-Voltage (Ip = 20 mAdc, Vqs = 0) 

2N3970 

VDS(on) 

— 

1.0 

Vdc 

(Ip = 10 mAdc, Vqs = 0) 

2N3971 


— 

1.5 


(Id = 5.0 mAdc, Vqs = 0) 

2N3972 


— 

2.0 


Static Drain-Source On Resistance (Ip = 10 mAdc, Vqs = 0) 

2N3970 

'■DS(on) 

— 

30 

Ohms 


2N3971 

— 

60 



2N3972 


— 

100 


SMALL-SIGNAL CHARACTERISTICS 

Drain-Source "ON" Resistance (Vqs = 0, Iq = 0, f = 1.0 kHz) 

2N3970 

'■ds(on) 

— 

30 

Ohms 


2N3971 

— 

60 



2N3972 


— 

100 


Input Capacitance (Vqs = 20 Vdc, Vqs = 0, f = 1.0 MHz) 

Ciss 

— 

25 

PF 

Reverse Transfer Capacitance (Vqs = Vqs = -12 Vdc, f = 1.0 MHz) 

Crss 

— 

6.0 

PF 


SWITCHING CHARACTERISTICS 


Turn-On 

Test Condition for 2N3970: 


Id(on) 



ns 

Delay Time 

(Vdd = 10 Vdc, VGS(on) = 0, 

2N3970 

— 

10 



iD(on) = 20 mAdc, VGS(off) = 10 Vdc) 

2N3971 


— 

15 



2N3972 


— 

40 



Test Condition for 2N3971 : 


tr 



ns 

Rise Time 

(Vdd = 10Vdc,VGS(on) = 0, 

2N3970 


— 

10 



■D(on) = 10 mAdc, VGS(on) = 5.0 Vdc) 

2N3971 


— 

15 




2N3972 


— 

40 



Test Condition for 2N3972: 


toff 



ns 

Turn-Off Time 

(Vdd = 10Vdc,VGS(on) = 0, 

2N3970 


— 

30 



>D(on) = 5.0 mAdc, VGS(off) = 3.0 Vdc) 

2N3971 


— 

60 




2N3972 


~ 

100 



(1) Pulse Test: Pulse Width = 300 ^ls, Duty Cycle = 3.0%. 
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2N3993 

2N3994 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

-25 

Vdc 

Drain-Gate Voltage 

VdG 

-25 

Vdc 

Reverse Gate-Source Voltage 

VgSR 

25 

Vdc 

Forward Gate Current 

•gf 

10 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

300 

mW 

Derate above 25°C 


2.0 

mW/X 

Storage Temperature Range 

^Stg 

-65 to +200 

X 


CASE 20-03, STYLE 5 
TO-72 (TO-206AF) 



4 


JFETs 

SWITCHING 

P-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic 1 Symbol I Min T Max [ Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(IG = 1.0 AAdc, Vds = 0) 

V(BR)GSS 

25 

— 

Vdc 

Drain Reverse Current 


'dgo 




(Vdg = -15 Vdc, Is = 0) 



_ 

1.2 

nAdc 

(VdG = -15 Vdc, Is = 0, Ta = 150X) 



— 

1.2 

/LtAdc 

Drain Cutoff Current 


iD(off) 




(VdS = -lOVdc, Vqs = 10 Vdc) 

2N3993 


— 

1.2 

nAdc 

(VdS = -10 Vdc, Vqs = 6.0 Vdc) 

2N3994 


— 

1.2 


(Vds = -10 Vdc, Vqs = lOVdc, Ta = 150X) 

2N3993 


— 

1.0 

fjb Adc 

(VdS = -lOVdc, Vqs = 6.0 Vdc, Ta = 150X) 

2N3994 


— 

1.0 


Gate Source Voltage 


vgs 



Vdc 

(Vds - -lOVdc, Id = -I.O^Adc) 

2N3993 


4.0 

9.5 



2N3994 


1.0 

5.5 



ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(l) 


idss 



mAdc 

(Vds = -10 Vdc, Vgs = o) 

2N3993 


-10 

— 



2N3994 


-2.0 

— 



SMALL-SIGNAL CHARACTERISTICS 


Drain-Source "ON” Resistance 


''ds(on) 



Ohms 

(Vgs = 0, Id = 0, f = 1.0 kHz) 

2N3993 

— 

150 



2N3994 


— 

300 


Forward Transfer Admittance(l) 


IVfsl 



mmhos 

(Vds = -10 Vdc, Vgs = O, f = l.o kHz) 

2N3993 


6.0 

12 



2N3994 


4.0 

10 


Input Capacitance 


Ciss 

— 

16 

PF 

(Vds = -10 Vdc, Vgs = o, f = i.o mhz) 






Reverse Transfer Capacitance 


Crss 



PF 

(Vds = 0 , Vgs = io vdc, f = i.o mhz) 

2N3993 


— 

4.5 


(Vds = 0, Vgs = 6.0 vdc, f = 1.0 mhz) 

2N3994 


— 

5.0 



(1) Pulse Test: Pulse Width = 100 ms, Duty Cycle 10%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

40 

Vdc 

Drain-Gate Voltage 

VdG 

40 

Vdc 

Gate-Source Voltage 

VgS 

40 

Vdc 

Gate Current 

•g 

10 

mAdc 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.8 

Watts 

Derate above 25°C 


10 

mwrc 

Junction Temperature Range 

Tj 

-65 to +175 

X 

Storage Temperature Range 

]stg 

-65 to +175 

X 


2N4091 

thru 

2N4093 

CASE 22-03, STYLE 3 
TO-18 (TO-206AA) 



3 

Gate 




''2 ^1 


JFETs 

SWITCHING 

N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol I Mhi I Max I Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 

(IG = I.O^Adc, Vds = 0) 

V(BR)GSS 

40 

— 

Vdc 

Drain-Gate Breakdown Voltage 


V(BR)DGO 

40 

— 

Vdc 

(Id = 1-0 /u.Adc, Is = 0) 






Gate Source Cutoff Voltage 


VGS(off) 



Vdc 

(Vds = 20 Vdc, Id = 10 nAdc) 

2N4091 


-5.0 

-10 



2N4092 


-2.0 

-7.0 



2N4093 


-1.0 

-5.0 


Source Reverse Current 


ISGO 

— 

0.2 

nAdc 

(VsG = 20 Vdc, Id = 0) 






Drain Reverse Current 


Idgo 



nAdc 

(Vdg = 20 Vdc, Is = 0) 



— 

0.2 


(Vdg = 20 Vdc, Id = 0, Ta = 150X) 



— 

0.4 

fjiAdc 

Drain-Cutoff Current 


iD(off) 




(Vds = 20 Vdc, Vgs = 12 Vdc) 

2N4091 


— 

0.2 

nAdc 

(Vds = 20 Vdc, Vgs = s.o vdc) 

2N4092 


— 

0.2 


(Vds = 20 Vdc, Vgs = 6.o vdc) 

2N4093 


— 

0.2 


(Vds = 20 Vdc, Vgs = 12 vdc, Ta = i50X) 

2N4091 


— 

0.4 

/iAdc 

(Vds = 20 Vdc, Vgs = s.o vdc, Ta = i50X) 

2N4092 


— 

0.4 


(Vds = 20 Vdc, Vgs = 6.0 vdc, ta = i5ox) 

2N4093 


— 

0.4 



ON CHARACTERISTICS 



Zero-Gate-Voltage Drain Current* 

(Vds = 20 Vdc, Vgs = o) 

2N4091 

2N4092 

2N4093 

loss* 

30 

15 

8.0 

- 

mAdc 

Drain-Source On-Voltage 


VDS(on) 



Vdc 

(Id = 6.6 mAdc, Vgs = 0) 

2N4091 


— 

0.2 


(Id = 4.0 mAdc, Vgs = 0) 

2N4092 


— 

0.2 


(Id = 2.5 mAdc, Vgs = 0 ) 

2N4093 


— 

0.2 


Static Drain-Source On Resistance 


'■DS(on) 



Ohms 

(Id = 1.0 mAdc, Vgs = 0) 

2N4091 


— 

30 



2N4092 


— 

50 



2N4093 


— 

80 
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2N4091 thru 2N4093 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic 1 Symbol ] Min Max Unit 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source "ON" Resistance 
(Vgs = 0, Id = O.f = 1.0 kHz) 

2N4091 

2N4092 

2N4093 

''ds(on) 

- 

30 

50 

80 

Ohms 

Input Capacitance 

(Vds = 20 Vdc, Vgs = 0, f = 1.0 MHz) 


^iss 

— 

16 

PF 

Reverse Transfer Capacitance 

(Vds = O' Vgs = 20 vdc, f = 1.0 mhz) 

! 

Crss 

— 

5.0 

pF 


SWITCHING CHARACTERISTICS 


Delay Time (See Figure 1) 

OD(on) = 6.6 mAdc) 

OD(on) = 4.0 mAdc) 

OD(on) = 2.5 mAdc) 

2N4091 

2N4092 

2N4093 

td 

- 

15 

15 

20 

ns 

Rise Time (See Figure 1) 


tr 



ns 

('D(on) = 6.6 mAdc) 

2N4091 


— 

10 


OD(on) = 4.0 mAdc) 

2N4092 


— 

20 


OD(on) = 2.5 mAdc) 

2N4093 


— 

40 


Turn-Off Time (See Figure 1) 


toff 



ns 

(VGS(off) = 12 Vdc) 

2N4091 


— 

40 


(VGS(off) = 8.0 Vdc) 

2N4092 


— 

60 


(VGS(off) = 6.0 Vdc) 

2N4093 


— 

80 



*Pulse Test: Pulse Width 300 fxs, Duty Cycle =5 3.0%, 



FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

Vds 

30 

Vdc 

Drain-Gate Voltage 

VdG 

30 

Vdc 

Gate-Source Voltage 

Vqs 

-30 

Vdc 

Drain Current 

Id 

15 

mAdc 

Total Device Dissipation @ T/^ = 25°C 

Pd 

300 

mW 

Derate above 25°C 


2 

mW/°C 

Junction Temperature Range 

Tj 

175 

°C 

Storage Channel Temperature Range 

I§tg 

- 65 to + 200 

°C 


2N4220, A 
thru 

2N4222, A 

CASE 20-03, STYLE 3 
TO-72 (TO-206AF) 


Gate VI — Case 
2 Source 


JFETs 

LOW FREQUENCY, LOW NOISE 

N-CHANNEL — DEPLETION 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ [ Max [ Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(IG = -lOMdc, Vps = 0) 

V(BR)GSS 

-30 

— 

— 

Vdc 

Gate Reverse Current 


•gss 




nAdc 

(Vgs = -15 Vdc, Vds = O) 



— 

— 

-0.1 


(VgS = -15 Vdc, Vds = O, Ta = 150°c) 



— 

— 

-100 


Gate Source Cutoff Voltage 


VGS(off) 




Vdc 

(Id = 0.1 nAdc, Vds = 15 Vdc) 

2N4220,A 


— 

— 

-4 



2N4221,A 


— 

— 

-6 



2N4222,A 


— 

— 

-8 


Gate Source Voltage 


Vgs 




Vdc 

(Id = 50 )uAdc, Vds = 15 Vdc) 

2N4220,A 


-0.5 

— 

-2.5 


(Id = 200 /iAdc, Vds = 15 Vdc) 

2N4221,A 


-1.0 

— 

-5.0 


(Id = 500 /iAdc, Vds = 15 Vdc) 

2N4222,A 


-2.0 

— 

-6.0 



ON CHARACTERISTICS 



Zero-Gate-Voltage Drain Current* 

(Vds = 15 Vdc, Vgs = o) 

2N4220,A 

2N4221,A 

2N4222,A 

Idss 

0.5 

2.0 

5.0 

- 

3.0 

6.0 

15 

mAdc 

Static Drain-Source On Resistance 


'■DS(on) 




Ohms 

(Vds = 0' Vgs = o) 

2N4220,A 


— 

500 

— 



2N4221,A 


— 

400 

— 



2N4222,A 


— 

300 

— 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance Common Source* 

(Vds = 15 Vdc, Vgs = O, f = l.o kHz) 

2N4220,A 

2N4221,A 

2N4222,A 

IVfsl 

1000 

2000 

2500 

- 

4000 

5000 

6000 

/.imhos 

Output Admittance Common Source 


IVosI 




/Limhos 

(Vds = 15 Vdc, Vgs = O, f = l.o kHz) 

2N4220,A 


— 

— 

10 



2N4221,A 


— 

— 

20 



2N4222,A 


— 

— 

40 


Input Capacitance 


Ciss 

— 

4.5 

6.0 

PF 

(Vds = 15 Vdc, Vgs = o, f = i.o mhz) 







Reverse Transfer Capacitance 


Crss 

_ 

1.2 

2.0 

PF 

(Vds = 15 Vdc, Vgs = o, f = i.o mhz) 







Common-Source Output Capacitance 


Cosp 

— 

1.5 

— 

pF 

(Vds = 15 Vdc, Vgs = o, f = 30 mhz) 








*Pulse Test: Pulse Width = 630 ms, Duty Cycle = 10%. 
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2N4220, A thru 2N4222, A 


ELECTRICAL CHARACTERISTICS (continued) (T/^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max [ Unit 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 


NF 


— 



(Vds = 15 Vdc, Vqs = 0, Rs = 1.0 megohm. 

2N4220A 



— 

2.5 


f = 100 Hz) 

2N4221A 


— 

— 

2.5 



2N4222A 


— 

— 

2.5 




.01 0.1 1 10 100 



.001 .01 0.1 1 10 


f, FREQUENCY (kHz) 


Rs, SOURCE RESISTANCE (Megohms) 


4 


FIGURE 3 — TYPICAL DRAIN CHARACTERISTICS 
VGS(off)^ -1-2 VOLTS 


FIGURE 4 — COMMON SOURCE TRANSFER 
CHARACTERISTICS 
VGS(off)- -1.2 VOLTS 





Vss 

= 0V 














-0.2V 

Y' 









-0.4V 

^ — 









-0.6V 

^ 









-0.8V 

f — ■ 




-l.OV 

/ 






0 5 10 15 20 25 

Vds, DRAIN-SOURCE VOLTAGE (VOLTS) 



-1.2 -0.8 -0.4 0 

Vgs, GATE-SOURCE VOLTAGE (VOLTS) 
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Id, drain current (mA) Id. DRAIN CURRENT (mA) 


2N4220, A thru 2N4222, A 


FIGURE 5 — TYPICAL DRAIN CHARACTERISTICS 
VGS(off) ^ -3.5 VOLTS 


FIGURE 6 — COMMON SOURCE TRANSFER 
CHARACTERISTICS 
VGS(off)^ -3.5 VOLTS 



FIGURE 7 — TYPICAL DRAIN CHARACTERISTICS 
VGS(off) = -5.8 VOLTS 



0 5 10 15 20 25 



-5 -4 -3 -2 -1 0 


Vgs, 6ATE.S0URCE VOLTAGE (VOLTS) 


FIGURE 8 — COMMON SOURCE TRANSFER 
CHARACTERISTICS 
VGS(off) = -5.8 VOLTS 



-7 -6 -5 -4 -3 -2 -1 0 


Vds, drain-source voltage (VOLTS) 


Vgs, GATE-SOURCE VOLTAGE (VOLTS) 


NOTES: 1. Graphical data is presented for dc conditions. Tabular data is 
given for pulsed conditions (Pulse Width = 630 ms. Duty Cycle = 
10%). Under dc conditions, self heating in higher Ipss units re- 
duces Iqss (See Figure 10). 

2. Figures 8, 9, 10: Data taken in a standard printed circuit with a 
TO-18 type socket mounting and 1/4" lead length. 
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MAXIMUM RATINGS 


2N4338 

thru 

2N4341 

CASE 22-03, STYLE 3 
TO-18 (TO-206AA) 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

50 

Vdc 

Drain-Gate Voltage 

VdG 

50 

Vdc 

Gate-Source Voltage 

VqS 

50 

Vdc 

Reverse Gate-Source Voltage 

Vqsr 

50 

Vdc 

Gate Current 

•g 

50 

mA 

Total Device Dissipation @ = 25°C 

Pd 

300 

mW 

Derate above 25°C 


2.0 

mwrc 

Storage Temperature Range 

^Stg 

- 65 to + 200 

X 



^2 


JFETs 

LOW FREQUENCY, LOW NOISE 

N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol I Min I Max I Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = -T.OfiA) 

V(BR)GSS 

50 


Vdc 

Gate Reverse Current 

'gss 

— 

0.1 

nA 

(Vgs = -30 V) 





Gate Source Cutoff Voltage 

VGS(off) 



Vdc 

(Vds = 15 V, Id = 0.1 jjlA) 2N4338 


-0.3 

-1.0 


2N4339 


-0.6 

-1.8 


2N4340 


-1.0 

-3.0 


2N4341 


-2.0 

-6.0 



ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 


Idss* 



mA 

(Vds = 15 V) 

2N4338 


0.2 

0.6 



2N4339 


0.5 

1.5 



2N4340 


1.2 

3.6 



2N4341 


3.0 

9.0 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 15 V, f = 1.0 kHz) 

2N4338 

2N4339 

2N4340 

2N4341 

IVfsl* 

600 

800 

1300 

2000 

1800 

2400 

3000 

4000 

/u,mhos 

Output Admittance 


IVosI 



jLimhos 

(Vds = 15 V,f = 1.0 kHz) 

2N4338 


— 

5.0 



2N4339 


— 

15 



2N4340 


— 

30 



2N4341 


— 

60 


Input Capacitance 


Ciss 

— 

6.0 

PF 

(Vds = 15 V, f = 1.0 MHz) 






Reverse Transfer Capacitance 


^rss 

— 

2.0 

PF 

(Vds = 15 V, f = 1.0 MHz) 







FUNCTIONAL CHARACTERISTICS 


Noise Figure 

NF 

_ 

1.0 

dB 

(Vds = 15 Volts, f = 1.0 kHz, Rg = 1.0 Mfl) 






*Pulse Test: Pulse Width 630 ms. Duty Cycle 10%. 
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MAXIMUM RATINGS 


^Transient potentials of ±75 Volt will not cause gate-oxide failure. 

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

I Characteristic | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(Id = 10/xA, Vgs = 0) 

V(BR)DSX 

25 

— 

Vdc 

Zero-Gate-Voltage Drain Current 
(Vds = 10 V. Vgs = 0) Ta = 25X 

•dss 

_ 

10 

nAdc 

Ta = 150°C 


— 

10 

juAdc 

Gate Reverse Current 

•gss 

_ 

±10 

pAdc 

(Vgs = ±i5Vdc,VDs = 0) 






ON CHARACTERISTICS 


Gate Threshold Voltage 

(Vds = 10 V, Id = io^a) 

VGS(Th) 

1.0 

5 

Vdc 

Drain-Source On-Voltage 
(Id = 2.0 mA, Vgs = 10 V) 

VDS(on) 

— 

1.0 

V 

On-State Drain Current 

(Vgs = 10 V, Vds = lov) 

'D(on) 

3.0 

— 

mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 10 V, Id = 2.0 mA, f = 1.0 kHz) 

IVfsl 

1000 

— 

ixmho 

Input Capacitance 

(Vds = 10 V, Vgs = 0, f = i4o kHz) 

^iss 

— 

5.0 

PF 

Reverse Transfer Capacitance 
(Vds = 0, Vgs = 0, f = uo kHz) 

Crss 

— 

1.3 

pF 

Drain-Substrate Capacitance 
(Vd(SUB) = lOV.f = 140 kHz) 

Cd(sub) 

— 

5.0 

pF 

Drain-Source Resistance 
(Vgs = 10 V, Id = 0, f = 1.0 kHz) 

•"dslon 

— 

300 

ohms 


SWITCHING CHARACTERISTICS 


Turn-On Delay (Fig. 5) 

Id = 2.0 mAdc, Vds = 10 Vdc, 

Vgs = 10 Vdc) 

(See Figure 9; Times Circuit Determined) 

td1 


45 

ns 

Rise Time (Fig. 6) 

tr 

— 

65 

ns 

Turn-Off Delay (Fig. 7) 

td2 

_ 

60 

ns 

Fall Time (Fig. 8) 

tf 

— 

100 

ns 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

Vds 

25 

Vdc 

Drain-Gate Voltage 

Vdg 

30 

Vdc 

Gate-Source Voltage* 

Vgs 

30 

Vdc 

Drain Current 

Id 

30 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

300 

mW 

Derate above 25°C 


1.7 

mW/X 

Total Device Dissipation @ Tc = 25°C 

pd 

800 

mW 

Derate above 25°C 


4.56 

mW/X 

Junction Temperature Range 

Tj 

175 

X 

Storage Temperature Range 

Istg 

-65 to +175 

X 


2N4351 


CASE 20-03. STYLE 2 
TO-72 (TO-206AF) 


2 

Gate 


MOSFET 

SWITCHING 

N-CHANNEL — ENHANCEMENT 




MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


4-22 







Id, drain current (mA) 


2N4351 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 

Id, drain current (mA) 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Vgs, GATE-SOURCE VOLTAGE (VOLTS) 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Vss, GATE-SOURCE VOLTAGE (VOLTS) 
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td2, TURN-OFF DELAY TIME (ns) tj , , TURN-ON DELAY TIME (ns) Vos, DRAIN-SOURCE VOLTAGE (VOLTS) 


2N4351 



2 4 6 8 10 12 14 15 

Vss, GATE-SOURCE VOLTAGE (VOLTS) 


SWITCHING CHARACTERISTICS 

(T;, = 25 -C) 


FIGURE 5 — TURN-ON DELAY TIME 
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FIGURE 6 — RISE TIME 
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Id, drain current (mA) 
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Id, drain current (mA) 
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2N4351 


FIGURE 9 — SWITCHING CIRCUIT and WAVEFORMS 

8.2 k 



The switching characteristics shown above were measured in 
a test circuit similar to Figure 10. At the beginning of the switch- 
ing interval, the gate voltage is at ground and the gate-source 


capacitance (Cgg = Cjss — Crss) has no charge. The drain volt- 
age is at Vdq, and thus the feedback capacitance (Crss) 's 
charged to Vq^. Similarly, the drain-substrate capacitance 
(Cd(sub)) is charged to Vqd since the substrate and source are 
connected to ground. 

During the turn-on interval, Cgg is charged to Vqs (the input 
voltage) through Rs (generator impedance). Crss must be dis- 
charged to Vqs — VD(on) through Rs and the parallel combi- 
nation of the load resistor (Rp) and the channel resistance (r^s)- 
In addition, Cd(sub) 's discharged to a low value (VD(on)) 
through Rp in parallel with r^jg. During turn-off this charge flow 
is reversed. 

Predicting turn-on time proves to be somewhat difficult since 
the channel resistance (rds) is a function of the gate-source volt- 
age (Vqs)- As Cgs becomes charged, Vqs is approaching Vjp 
and rds decreases (see Figure 4) and since Cpss Cci(sub) S'"® 
charged through r^s, turn-on time is quite non-linear. 

If the charging time of Cgs is short compared to that of Crss 
and Cci(sub)' •'ds (which is in parallel with Rp) will be low 
compared to Rp during the switching interval and will largely 
determine the turn-on time. On the other hand, during turn-off 
rds will be almost an open circuit requiring Crss 3*^*^ Cci(sub) 
be charged through Rp and resulting in a turn-off time that is 
long compared to the turn-on time. This is especially noticeable 
for the curves where Rs = 0 and Cgs is charged through the 
pulse generator impedance only. 

The switching curves shown with Rs = Rd simulate the 
switching behavior of cascaded stages where the driving source 
impedance is normally the same as the load impedance. The set 
of curves with Rs = 0 simulates a low source impedance drive 
such as might occur in complementary logic circuits. 



FIGURE 10 — SWITCHING CIRCUIT MOSFET EQUIVALENT MODEL 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

25 

Vdc 

Drain-Gate Voltage 

VdG 

30 

Vdc 

Gate-Source Voltage 

VgS 

±30 

Vdc 

Drain Current 

Id 

30 

mAdc 

Total Device Dissipation @ T^ = 25°C 

Pd 

300 

mW 

Derate above 25°C 


1.7 

mW/X 

Total Device Dissipation @ Tc = 25‘’C 

Pd 

800 

mW 

Derate above 25°C 


4.56 

mW/X 

Junction Temperature Range 

Tj 

175 

X 

Storage Temperature Range 

1’stg 

-65 to +175 

X 


2N4352 


CASE 20-03, STYLE 2 
TO-72 ITO-206AF) 



MOSFET 

SWITCHING 


P’CHANNEL — ENHANCEMENT 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Max | Unit 



OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(Id = -IOaiA Vgs = 0) 

V(BR)DSX 

-25 


Vdc 

Zero-Gate-Voltage Drain Current 
(Vds = -10V,Vgs = 0) Ta = 25X 

Idss 

_ 

-10 

nAdc 

Ta = 150X 


— 

-10 

(xAdc 

Gate Reverse Current 

igss 

— 

±10 

pAdc 

(Vgs = ±30 V, Vds = o) 






ON CHARACTERISTICS 


Gate Threshold Voltage 

(Vds = -10 V, Id = -io/^a) 

VGS(Th) 

-1.0 

-5.0 

Vdc 

Drain-Source On-Voltage 
(Id = -2.0 mA, Vgs = -10 V) 

VDS(on) 

— 

-1.0 

V 

On-State Drain Current 

(Vgs = -10 Vds = -lov) 

•D(on) 

-3.0 

— 

mA 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source Resistance 
(Vgs = -10 V, Id = 0,f = l.o kHz) 

•"dsion) 

— 

600 

ohms 

Forward Transfer Admittance 
(Vds = -10 V, Id = 2.0 mA, f = 1.0 kHz) 

IVfsl 

1000 

— 

Atmho 

Input Capacitance 

(Vds = -10 V, Vgs = 0, f = i4o kHz) 

^iss 

— 

5.0 

PF 

Reverse Transfer Capacitance 
(Vds = 0, Vgs = 0, f = i40 kHz) 

Crss 

— 

1.3 

PF 

Drain-Substrate Capacitance 
(Vd(SUB) = -10 V, f = 140 kHz) 

Cd(sub) 

— 

4.0 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Delay 
(Figures 5) 

Id = -2.0 mAdc, Vds = -10 Vdc, 

Vgs = -10 V) 

(See Figure 9, Times Circuit Determined) 

td1 

— 

45 

ns 

Rise Time 
(Figures 6) 

tr 

— 

65 

ns 

Turn-Off Delay 
(Figures 7) 

td2 

— 

60 

ns 

Fall Time 
(Figures 8) 

tf 

— 

100 

ns 
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Id, drain current (mA) 


2N4352 



- 0.1 - 0.2 - 0.5 - 1.0 - 2.0 - 5.0 -10 -20 

Id. drain current (mA) 




-2 -3 -4 -5 - 6 -7 -8 -9 - 10-11 -12 -13 14-15 

Vss. GATE-SOURCE VOLTAGE (VOLTS) 



-2 -3 -4 -5 -6 -7 -8 -9 -10 -11 -12 -13 -14 -15 
Vss, GATE-SOURCE VOLTAGE (VOLTS) 
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td 2 , TURN-OFF DELAY TIME (ns) U i , TURN-ON DELAY TIME (ns) Vos, DRAIN-SOURCE VOLTAGE (VOLTS) 


2N4352 



-3 -5 -7 -9 -11 -13 -15 

Vss, GATE-SOURCE VOLTAGE (VOLTS) 


SWITCHING CHARACTERISTICS 

(T^ = 25 “O 


FIGURE 5 — TURN-ON DELAY TIME 
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FIGURE 9 — SWITCHING CIRCUIT and WAVEFORMS 



The switching characteristics shown above were 
measured in a test circuit similar to Figure 10. At the 
beginning of the switching interval, the gate voltage is 
at ground and the gate-source capacitance (Cgs = Cjss 
~ Crss) has no charge. The drain voltage is at VqD' sf^^l 


thus the feedback capacitance {Cpss) 's charged to Vop. 
Similarly, the drain-substrate capacitance (Cci(sub)) 's 
charged to Vqd since the substrate and source are con- 
nected to ground. 

During the turn-on interval, Cgs is charged to Vqs 
( the input voltage) through Rs (generator impedance) 
(Figure 11). Cpss must be discharged to Vqs - VD(on) 
through Rs and the parallel combination of the load 
resistor (Rq) and the channel resistance (r^js) is a func- 
tion of the gate-source voltage (Vqs)- As Cgs becomes 
charged Vqs is approaching Vjn and r^s decreases (see 
Figure 4) and since Cpss Ccj(sub) s'"® charged 
through rds» turn-on time is quite non-linear. 

If the charging time of Cgs is short compared to that 
of C|-ss and Cci(sub)' ^i^®n r^s (which Is in parallel with 
Rq) will be low compared to Rp during the switching 
interval and will largely determine the turn-on time. On 
the other hand, during turn-off r^s will be almost an 
open circuit requiring Cpss and Ccj(sub) de charged 
through Rp and resulting in a turn-off time that is long 
compared to the turn-on time. This is especially notice- 
able for the curves where Rg = 0 and Cgs is charged 
through the pulse generator impedance only. 

The switching curves shown with Rs = Rq simulate 
the switching behavior of cascaded stages where the 
driving source impedance is normally the same as the 
load impedance. The set of curves with Rs = 0 simu- 
lates a low source impedance drive such as might occur 
in complementary logic circuits. 


FIGURE 10 — SWITCHING CIRCUIT with MOSFET EQUIVALENT 
MODEL 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

40 

Vdc 

Drain-Gate Voltage 

VdG 

40 

Vdc 

Gate-Source Voltage 

Vqs 

40 

Vdc 

Forward Gate Current 

'gf 

50 

mAdc 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.8 

Watts 

Derate above 25°C 


10 

mW/°C 

Operating Junction Temperature Range 

Tj 

-65 to +175 

°C 

Storage Temperature Range 

Istg 

-65 to +175 

°C 


2N4391 

thru 

2N4393 

CASE 22-03, STYLE 3 
TO-18 (TO-206AA) 



'2 


JFETs 

SWITCHING 

N-CHANNEL — DEPLETION 


Refer to MPF4391 for graphs. 


* ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Max | Unit. 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = 1.0/tAdc,VDS = 0) 

V(BR)GSS 

40 

— 

Vdc 

Gate Reverse Current 


Igss 



nAdc 

(Vgs = 20 Vdc, Vds = 0) 



— 

0.1 


(Vgs = 20 Vdc, Vds = 0, Ta = 150°C) 



— 

0.2 

/oiAdc 

Gate Source Voltage 


Vgs 



Vdc 

(Vds = 20 Vdc, Id = I.O nAdc) 

2N4391 


-4.0 

-10 



2N4392 


-2.0 

-5.0 



2N4393 


-0.5 

-3.0 


Gate-Source Forward Voltage 


VGS(f) 

— 

1.0 

Vdc 

(Ig = 1.0 mAdc, Vds = 0) 






Drain-Cutoff Current 


'D(off) 



nAdc 

(Vds = 20 Vdc, Vgs = 12 vdc) 

2N4391 


— 

0.1 


(Vds = 20 Vdc, Vgs = ^.o vdc) 

2N4392 


— 

0.1 


(Vds = 20 Vdc, Vgs = s.o vdc) 

2N4393 


— 

0.1 


(Vds = 20 Vdc, Vgs = 12 vdc, ta = i5o°c) 

2N4391 


— 

0.2 

IxAdc 

(Vds = 20 Vdc, Vgs = 7.0 vdc, ta = i5o°c) 

2N4392 


— 

0.2 


(Vds = 20 Vdc, Vgs = 5.0 vdc, ta = i5ox) 

2N4393 


— 

0.2 



ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(l) 

(Vds = 20 Vdc, Vgs = o) 

2N4391 

2N4392 

2N4393 

loss 

50 

25 

5.0 

150 

75 

30 

mAdc 

Drain-Source On-Voltage 


VDS(on) 



Vdc 

(Id = 12 mAdc, Vgs = 0) 

2N4391 


— 

0.4 


(Id = 6.0 mAdc, Vgs = 0) 

2N4392 


— 

0.4 


(Id = 3.0 mAdc, Vgs = 6) 

2N4393 


— 

0.4 


Static Drain-Source On Resistance 


•■DSIon) 



Ohms 

(Id = 1-0 mAdc, Vgs = 0) 

2N4391 


— 

30 



2N4392 


— 

60 



2N4393 

i 

— 

100 



SMALL-SIGNAL CHARACTERISTICS 


Drain-Source "ON” Resistance 

'■ds(on) 



Ohms 

(Vgs = 0, Id = 0, f = 1.0 kHz) 2N4391 


— 

30 


2N4392 


— 

60 


2N4393 


— 

100 
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2N4391 thru 2N4393 


"ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Input Capacitance 


Ciss 



14 

PF 

(Vqs = 20 Vdc, Vqs = 0, f = 1.0 MHz) 






Reverse Transfer Capacitance 


Crss 



pF 

(VdS = 0 , Vqs = 12 Vdc. f = 1.0 MHz) 

2N4391 


— 

3.5 


(Vds = 0, Vqs = 7.0 Vdc, f = 1.0 MHz) 

2N4392 


— 

3.5 


(VdS = 0. Vqs = 5.0 Vdc, f = 1.0 MHz) 

2N4393 


— 

3.5 



SWITCHING CHARACTERISTICS 


Rise Time 

(•□(on) = 12 mAdc) 
llD(on) = 6.0 mAdc) 

(iD(on) = 3-0 mAdc) 

2N4391 

2N4392 

2N4393 

tr 

- 

5.0 

5.0 

5.0 

ns 

Fall Time 


tf 



ns 

(VGS(off) = 12 Vdc) 

2N4391 


— 

15 


(VGS(off) = 7.0 Vdc) 

2N4392 


— 

20 


(VGS(off) = 5.0 Vdc) 

2N4393 



30 


Turn-On Time 


Ion 



ns 

(iD(on) = 12 mAdc) 

2N4391 


— 

15 


(iD(on) = 6.0 mAdc) 

2N4392 


— 

15 


(•□(on) = 3.0 mAdc) 

2N4393 


— 

15 


Turn-Off Time 


toff 



ns 

(VGS(off) = 12 Vdc) 

2N4391 


— 

20 


(VGS{off) = 7.0 Vdc) 

2N4392 



35 


(VGS(off) = 5.0 Vdc) 

2N4393 



50 



(1 ) Pulse Test; Pulse Width ^ 1 00 /jls, Duty Cycle ^ 1 .0%. 
*ln addition to JEDEC Registered Data. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

30 

Vdc 

Drain-Gate Voltage 2N4416 

2N4416A 

VdG 

30 

35 

Vdc 

Gate-Source Voltage 

Vgs 

30 

Vdc 

Gate Current 

Ig 

10 

mAdc 

Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Pd 

300 

1.71 

mW 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj/ Tgtg 

-65 to +175 

X 


2N4416, A 

CASE 20-03, STYLE 1 
TO-72 (TO-206AF) 



2 Drain 

3-4^Y4 

Gate V I — !>/ Case 
1 Source 


JFET 

VHF/UHF AMPLIFIERS 

N'CHANNEL — DEPLETION 

2N4416, A 

JAN JTX JTXV AVAILABLE 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Max [ Unit^ 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 

(Iq = 1.0 AAdc, Vds = 0) 2N4416 

2N4416A 

V(BR)GSS 

30 

35 

- 

Vdc 

Gate Reverse Current 

•gss 



pAdc 

(Vgs = 20 Vdc, Vds = o) 


— 

100 


(Vgs = 20 Vdc, Vds = o, ta = +i50°c) 


— 

200 


Gate Source Cutoff Voltage 

VGS(off) 

— 

6.0 

Vdc 

(Id == 1.0 nAdc, Vds = 15 Vdc) 





Gate Source Voltage 

Vgs 

-1.0 

-5.5 

Vdc 

(Id = 0.5 mAdc, Vds = 15 Vdc) 





Gate-Source Forward Voltage 

VGS(f) 

_ 

1.0 

Vdc 

(Ig = 1.0 mAdc, Vds = 0) 






ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(l) 

Idss 

5.0 

15 

mAdc 

(Vds = 15 Vdc, Vgs = o) 


i 




SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance(l) 

(Vds = 15 Vdc, Vgs = O, f = I.O kHz) 

Ivfsl 

4500 

7500 

fimhos 

Real Part of Forward Transfer Admittance 

yfs(real) 

4000 

— 

Amhos 

(Vds = 15 Vdc, Vgs = o, f = 4oo mhz) 





Real Part of Input Admittance 

yis(real) 



Amhos 

(Vds = 15 Vdc, Vgs = o, f = ioo mhz) 


— 

100 


(Vds = 15 Vdc, Vgs = o, f = 400 mhz) 


— 

1000 


Output Admittance 

iyosi 

— 

50 

Amhos 

(Vds = 15 Vdc, Vgs = b, f = 1.0 kHz) 





Real Part of Output Admittance 

yos(real) 



Amhos 

(Vds = 15 Vdc, Vgs = 0, f = 100 mhz) 


— 

75 


(Vds = 15 Vdc, Vgs = 0, f = 400 mhz) 


— 

100 


Imaginary Part of Input Admittance 

yis(imag) 



Amhos 

(Vds = 15 Vdc, Vgs = 0, f = 100 mhz) 


— 

2500 


(Vds = 15 Vdc, Vgs = 0, f = 4oo mhz) 


— 

10,000 


Imaginary Part of Output Admittance 

yos(imag) 



Amhos 

(Vds = 15 Vdc, Vgs = 0, f = 100 mhz) 


— 

1000 


(Vds = 15 Vdc, Vgs = 0, f = 400 mhz) 


— 

4000 
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2N4416, A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Input Capacitance 

(Vds = 15 Vdc, Vqs = 0, f = 1.0 MHz) 

^iss 

~ 

4.0 

PF 

Reverse Transfer Capacitance 

(Vds = 15 Vdc, Vqs = 0, f = 1.0 MHz) I 

Crss 

1 

_ 

0.8 

PF 

Common Source Output Capacitance 

(Vds = 15 Vdc. Vqs = 0, f = 1.0 MHz) | 

r 

'-OSS 

— 

2.0 

PF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure (Figures 3 and 4) 

(Vds = 15 Vdc, Id = 5.0 mAdc, Rg « 1000 Ohms, f = 100 MHz) 

(Vds = 15 Vdc, Id = 5.0 mAdc, Rq « 1000 Ohms, f = 400 MHz) 

NF 

- 

2.0 

4.0 

dB 

Small-Signal Power Gain Common Source (Figure 1) 

Gps 



dB 

(Vds = 15 Vdc, Id = 5.0 mAdc, f = 100 MHz) 


18 

— 


(Vds = 15 Vdc, Id = 5.0 mAdc, f = 400 MHz) 


10 

— 



(1) Pulse Test: Pulse Width ^ 300 ijls, Duty Cycle ^ 1.0%. 


POWER GAIN 

FIGURE 1 - EFFECTS OF DRAIN CURRENT 



FIGURE 2 - 100 MHz and 400 MHz NEUTRALIZED TEST CIRCUIT 



Adjust Vq 5 for NOTE; The noise source is a hot-cold body 

I Q = 50 mA (AIL type 70 or equivalent) with a 

Vgs< 0 Volts test receiver (AIL type 136 or equivalent). 


Reference 

Designation 

VALUE 1 

100 MHz 

400 MHz 

Cl 

7.0 pF 

1.8 pF 

C2 

1000 pF 

17 pF 

C3 

3.0 pF 

1.0 pF 

C4 

1-12 pF 

0.8-8. 0 pF 

C5 

1-12 pF 

0.8-8. 0 pF 

C6 

0.0015 mP 

0.001 jUF 

C7 

0.001 5 mF 

0.001 MF 

LI 

3.0mH* 

0.2 mH** 

L2 

0.15 mH* 

0.03 mH** 

L3 

0.14MH* 

0.022 mH** 


'Ll 17 turns, (approx. — depends upon circuit layout) AWG #28 
enameled copper wire, close wound on 9/32" ceramic coil 
form. Tuning provided by a powdered iron slug. 

L2 4-1/2 turns, AWG #18 enameled copper wire, 5/16" long, 
3/8" I.D. (AIR CORE). 

L3 3-1/2 turns, AWG #18 enameled copper wire, 1/4" long, 
3/8" I.D. (AIR CORE). 


'Ll 6 turns, (approx. — depends upon circuit layout) AWG #24 
enameled copper wire, close wound on 7/32" ceramic coil 
form. Tuning provided by an aluminum slug. 

L2 1 turn, AWG #16 enameled copper wire, 3/8" I.D. (AIR 
CORE). 

L3 1/2 turn, AWG #16 enameled copper wire, 1/4" I.D. (AIR 
CORE). 
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2N4416, A 


NOISE FIGURE 

^^channel ~ 25°C) 



Vos. DRAIN-SOURCE VOLTAGE (VOLTS) 



0 2.0 4.0 6.0 8.0 10 12 14 

Id, DRAIN CURRENT (mA) 



INTERMODULATION CHARACTERISTICS 

FIGURE 5 - THIRD ORDER INTERMODULATION DISTORTION 



Pin, INPUT POWER PER TONE (dB) 


COMMON SOURCE CHARACTERISTICS 

ADMITTANCE PARAMETERS 

{VDS=15Vdc,Tchannel = 250c) 



10 20 30 50 70 100 200 300 500 700 1000 


f, FREQUENCY (MHz) 


FIGURE 7 - REVERSE TRANSFER ADMITTANCE (vrj) 
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gfs, FORWARD TRANSCONDUCTANCE (mmhos) 
Ibfji. FORWARD SUSCEPTANCE (mmhos) 


2N4416, A 


FIGURE 8 - FORWARD TRANSADMITTANCE (vfj) 



1.4 111 » « 1 ^ 1 i » I I I I I I i I i lA i ti 

10 20 30 50 70 100 200 300 500 700 1000 


f, FREQUENCY (MHz) 



10 20 30 50 70 100 200 300 500 700 1000 

f, FREQUENCY (MHz) 


FIGURE 10- Siis 

20 ° 10 ° 


COMMON SOURCE CHARACTERISTICS 

S-PARAMETERS 

(Vds= 15Vdc,Tchannel = 25°C, F.PUrc n 

Data Points in MHz) FIGURE 11-Si2s 

30° 20° 10° 0° 350° 340° 


0° 350° 340° 330° 
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gig, INPUT CONDUCTANCE (mmhos 
b.n, INPUT SUSCEPTANCE (mmhos) 
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2N4416, A 


FIGURE 16 - FORWARD TRANSFER ADMITTANCE (yfg) 


FIGURE 17 - OUTPUT ADMITTANCE (Vog) 
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COMMON GATE CHARACTERISTICS 

S-PARAMETERS 

(Vdg = 1 5 Vdc, Tchannel = 25°C, 

Data Points in MHz) FIGURE 19 - Si2g 
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MAXIMUM RATINGS 


Rating 

— 

Symbol 

2N4856,A 

2N4857,A 

2N4858,A 

2N4859,A 

2N4860,A 

2N4861,A 

Unit 

Drain-Source Voltage 

VdS 

+ 40 

+ 30 

Vdc 

Drain-Gate Voltage 

VdG 

+ 40 

+ 30 

Vdc 

Reverse Gate-Source Voltage 

VgSR 

-40 

-30 

Vdc 

Forward Gate Current 

'gf 

50 

mAdc 

Total Device Dissipation 
@ Ta = 25°C 

Pd 

360 

mW 

Derate above 25°C 


2.4 

mW/X 

Storage Temperature Range 

I§tg 

-65 to +175 

X 


2N4856, A 
thru 

2N4861, A 

2N4856, 2N4857, 2N4858 
JAN, JTX, JTXV AVAILABLE 

CASE 22-03, STYLE 4 
TO-18 (TO-206AA) 



JFET 

SWITCHING 


N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq = 1.0 fxAdc, Vds = 0) 

2N4856,A, 2N4857,A, 2N4858,A 
2N4859,A, 2N4860,A, 2N4861,A 

V(BR)GSS 

-40 

-30 

- 

Vdc 

Gate Reverse Current 


Igss 




(Vgs = -20 Vdc, Vds = 0) 

2N4856,A 2N4857,A, 2N4858,A 


— 

0.25 

nAdc 

(Vqs = -15 Vdc, Vds = 0) 

2N4859,A, 2N4860,A, 2N4861,A 


— 

0.25 


(Vgs = -20 Vdc, Vds = o,ta = 

150X) 2N4856,A, 2N4857,A, 2N4858,A 


— 

0.5 

yitAdc 

(Vgs = -15 Vdc, Vds = o,Ta = 

150X) 2N4859,A, 2N4860,A, 2N4861,A 


— 

0.5 


Gate Source Cutoff Voltage 


VGS(off) 



Vdc 

(Vds = 15 Vdc, Id = 0.5 nAdc) 

2N4856,A, 2N4859,A 


-4.0 

-10 



2N4857,A, 2N4860,A 


-2.0 

-6.0 



2N4858,A, 2N4861,A 


-0.8 

-4.0 


Drain Cutoff Current 


iD(off) 




(Vds = 15 Vdc, Vgs = - 10 vdc) 



— 

0.25 

nAdc 

(Vds = 15 Vdc, Vgs = - 10 vdc, Ta = i5ox) j 


— 

0.5 

fiAdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(l) 

(Vds = 15 Vdc, Vgs = o) 

2N4856,A, 2N4859,A 

2N4857,A, 2N4860,A 

2N4858,A, 2N4861,A 

•dss 

50 

20 

8.0 

100 

80 

mAdc 

Drain-Source On-Voltage 


VDS(on) 



Vdc 

(Id = 20 mAdc, Vgs = 0) 

2N4856,A, 2N4859,A 


— 

0.75 


(Id = 10 mAdc, Vgs = 0) 

2N4857,A, 2N4860,A 


— 

0.5 


(Id = 5.0 mAdc, Vgs = 0) 

2N4858,A, 2N4861,A 


— 

0.5 



SMALL-SIGNAL CHARACTERISTICS 


Drain-Source "ON" Resistance 

(Vgs = 0, Id = 0, f = 1.0 kHz) 2N4856,A, 2N4859,A 

2N4857,A, 2N4860,A 

2N4858,A, 2N4861,A 

'■ds(on) 

- 

25 

40 

60 

Ohms 

Input Capacitance 

^iss 



PF 

(Vds = 0' Vgs = - 10 Vdc, f = 1.0 MHz) 2N4856 thru 2N4861 


— 

18 


2N4856A thru 2N4861A 


— 

10 


Reverse Transfer Capacitance 

Crss 



PF 

(Vds = 0, Vgs = -10 Vdc, f = 1.0 MHz) 2N4856 thru 2N4861 


— 

8.0 


2N4856A, 2N4859A 


— 

4.0 


2N4857A, 2N4858A, 2N4860A, 2N4861A 


— 

3.5 
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2N4856, A thru 2N4861, A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


1 Characteristic 

I Symbol | 

Min 

I Max I 

Unit I 

SWITCHING CHARACTERISTICS (See Figure 1) (2) 






Turn-On Delay Time 

Conditions for 2N4856,A, 2N4859,A: 2N4856, 2N4859 

1d(on) 



6.0 

ns 


2N4856A, 2N4859A 


— 

5.0 



(Vdd = 10 Vdc, iD(on) = 20 mAdc, 2N4857, 2N4860 


— 

6.0 



VGS(on) = 0, VGS(off) = -10 Vdc) 2N4857A, 2N4860A 


— 

6.0 



2N4858, 2N4861 


— 

10 



2N4858A, 2N4861A 


— 

8.0 


Rise Time 

Conditions for 2N4857,A, 2N4860,A: 2N4856,A, 2N4859,A 

tr 



3.0 

ns 


2N4857,A, 2N4860,A 


— 

4.0 



(Vdd = 10 Vdc, iD(on) = 10 mAdc, 2N4858, 2N4861 


— 

10 



VGS(on) = 0, VGS(off) = -6.0 Vdc) 2N4858A, 2N4861A 


— 

8.0 


Turn-Off Time 

2N4856, 2N4859 

toff 

_ 

25 



Conditions for 2N4858,A, 2N4861,A: 2N4856A, 2N4859A 


— 

20 

ns 


2N4857, 2N4860 


— 

50 



(Vdd = 10 Vdc, iD(on) = 5.0 mAdc, 2N4857A, 2N4860A 


— 

40 



VGS(on) = 0,VGS(off) = -4.0 Vdc) 2N4858, 2N4861 


— 

100 



2N4858A; 2N4861A 


— 

80 



(1) Pulse Test: Pulse Width = 100 ms. Duty Cycle ^ 10%. 

(2) The iD(on) values are nominal; exact values vary slightly with transistor parameters. 


FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 



TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES; a. The input waveforms are supplied by a generator with the following characteristics: 

Zout = 50 ohms, Duty Cycle « 2.0%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics; 
tr < 0.75 ns, Rjn > 1 .0 megohm, Cin < 2.5 pF. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Gate Voltage 

VdG 

30 

Vdc 

Gate-Source Voltage 

VgS 

-30 

Vdc 

Gate Current 

Ig 

50 

mA 

Total Device Dissipation @ Ta = 25°C 

Pd 

360 

mW 

Derate above 25°C (Free Air) 


2.88 

mW/°C 

Total Device Dissipation @Jq = 25°C 

Pd 

500 

mW 

Derate above 25°C 


4.0 

mW/°C 

Lead Temperature 

Tl 

260 

°C 

(1/16" from Case for 10 Seconds) 




Storage Temperature Range 

I§ia 

-65 to +150 

°C 


2N5245 

thru 

2N5247 

CASE 29-04, STYLE 23 
TO-92 (TO-226AA) 



JFET 

HIGH FREQUENCY 
AMPLIFIERS 

N-CHANNEL — DEPLETION 


Refer to 2N4416 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Sym^ 1 Min I Max I Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = -I.O/tiA, Vos = 0) 

V(BR)GSS 

-30 

— 

Vdc 

Gate Reverse Current 

Igss 

— 

-1.0 

nA 

(Vgs = -20 V, Vos = 0) 





Gate 1 Leakage Current 

Igiss 

— 

-0.5 

aA 

(Vgis = -20 V, Vos = 0, Ta = lOOX) 





Gate Source Cutoff Voltage 

VGS(off) 



Vdc 

(Vos = 15 V, Id - 10 mA) 2N5245 


-1.0 

-6.0 


2N5246 j 


-0.5 

-4.0 


2N5247 ' 


-1.5 

-8.0 



ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 

Idss 



mA 

(Vos = 15 V, Vgs = O, Pulsed; See Note 1) 2N5245 


5.0 

15 


2N5246 


1.5 

7.0 


2N5247 


8.0 

24 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 


lyfsl 



Amhos 

(Vos = 15 V, Vgs = O, f = I.O kHz) 

2N5245 


4500 

7500 



2N5246 


3000 

6000 



2N5247 


4500 

8000 


Input Admittance 


Re(yis) 



/u-mhos 

(Vos = 15 V, Vgs = o) 

(100 MHz) 


— 

100 



(400 MHz) 


— 

1000 


Output Admittance 


IYosI 



/Ltmhos 

(Vos = 15 V, Vgs = O, f = I.O kHz) 

2N5245 


— 

50 



2N5246 


— 

50 



2N5247 


— 

70 


Output Conductance 


Re(yos) 



Amhos 

(Vos = 15 V, Vgs = o) 

2N5245 (100 MHz) 


— 

75 



2N5246 


— 

75 



2N5247 


— 

100 



2N5245 (400 MHz) 


— 

100 



2N5246 


— 

100 



2N5247 

1 

H 1 

150 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Drain-Source Voltage 

Vds 

25 

Drain-Gate Voltage 

VdG 

I 

25 

Reverse Gate-Source Voltage 

VqSR 

-25 

Gate Current 

IG 

10 

Total Device Dissipation @ Ta = 25X 

Pd 

310 

Derate above 25X 


2.82 

Junction Temperature Range 

Tj 

125 

Storage Channel Temperature Range 

Tsta 

-65 to +150 
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Unit 

Vdc 
Vdc 
Vdc 
mAdc 

mW 
mW/X 

°C 
X 

Refer to 2N4220 for graphs. 



Symbol | Min [ Typ | Max | Unit 


V(BR)GSS 

-25 

— 

— 

Vdc 

<GSS 



-1.0 

nAdc 



— 

— 

-200 


VQSIoff) 

-0.5 


-6.0 

Vdc 


-1.0 

— 

-7.0 



-2.0 

— 

-8.0 


vgs 


-2.5 


Vdc 


— 

-3.5 

— 



— 

-4.5 

— 



Idss 

1.0 

3.0 

5.0 

mAdc 


2.0 

6.0 

9.0 



4.0 

9.0 

16 



IVfsl 

1000 

1500 

2000 

- 

5000 

5500 

6000 

/xmhos 

IVosI 

— 

10 

50 

/imhos 

Ciss 

— 

4.5 

7.0 

PF 

Crss 

— 

1.5 

3.0 

PF 


1 , FETs AND DIODES 





MAXIMUM RATINGS 




2N5460 

2N5463 




2N5461 

2N5464 


Rating 

Symbol 

2N5462 

2N5465 

Unit 

Drain-Gate Voltage 

VdG 

40 

60 

Vdc 

Reverse Gate-Source Voltage 

VgSR 

40 

60 

Vdc 

Forward Gate Current 

'G(f) 

10 

mAdc 

Total Device Dissipation @ = 25°C 

Pd 

310 

mW 

Derate above 25°C 


2.82 

mW/°C 

Junction Temperature Range 

Tj 

-65 to 135 

X 

Storage Channel Temperature Range 

"•^stg 

- 65 to -1-150 

X 


2N5460 

thru 

2N5465 

CASE 29-04, STYLE 7 
TO-92 (TO-226AA) 



JFET 

AMPLIFIERS 

P-CHAIMNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Typ | Max | Unit | 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(IG = 10 ixAdc, Vds = 0) 

2N5460, 2N5461, 2N5462 
2N5463, 2N5464, 2N5465 

V(BR)GSS 

40 

60 

- 

- 

Vdc 

Gate Reverse Current 


'gss 





(Vgs = 20 Vdc, Vds = 0) 

2N5460, 2N5461, 2N5462 


— 

— 

5.0 

nAdc 

(Vgs = 30 Vdc, Vds = 0) 

2N5463, 2N5464. 2N5465 


— 

— 

5.0 


(Vgs = 20 Vdc, Vds = o, ta = loox) 

2N5460, 2N5461, 2N5462 


— 

— 

1.0 

(jiAdc 

(Vgs = 30 Vdc, Vds = o, ta = loox) 

2N5463, 2N5464, 2N5465 


— 

— 

1.0 


Gate Source Cutoff Voltage 


VGS(off) 




Vdc 

(Vds = 15 Vdc, Id = l.o Mdc) 

2N5460, 2N5463 ! 


0.75 

— 

6.0 



2N5461, 2N5464 


1.0 

— 

7.5 



2N5462, 2N5465 


1.8 

— 

9.0 


Gate Source Voltage 


Vgs 




Vdc 

(Vds = 15 Vdc, Id = 0.1 mAdc) 

2N5460, 2N5463 


0.5 

— 

4.0 


(Vds = 15 Vdc, Id = 0.2 mAdc) 

2N5461, 2N5464 


0.8 

— 

4.5 


(Vds = 15 Vdc, Id = 0.4 mAdc) 

2N5462, 2N5465 


1.5 

— 

6.0 



ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 


loss 




mAdc 

(Vds = 15 Vdc, Vgs = o* 

2N5460, 2N5463 


-1.0 

— 

-5.0 


f = 1.0 kHz) 

2N5461, 2N5464 


-2.0 

— 

-9.0 



2N5462, 2N5465 


-4.0 

— 

-16 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 

(Vds = 15 Vdc, Vgs = O, f = l.o kHz) 2N5460, 2N5463 

2N5461, 2N5464 

2N5462, 2N5465 

Ivfsl 

1000 

1500 

2000 

- 

4000 

5000 

6000 

Amhos 

Output Admittance 

(Vds = 15 Vdc, Vgs = O, f = I.O kHz) 

Ivosl 

— 

— 

75 

Amhos 

Input Capacitance 

(Vds = 15 Vdc, Vgs = o, f = i.o mhz) 

Cjss 

— 

5.0 

7.0 

PF 

Reverse Transfer Capacitance 
(Vds = 15 Vdc, Vgs = o, f = i.o mhz) 

Crss 

— 

1.0 

2.0 

PF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 

(Vds = 15 Vdc, Vgs = O, Rq = i.o Megohm, f = 100 Hz, BW = 1.0 Hz) 

NF 

— 

1.0 

2.5 

dB 

Equivalent Short-Circuit Input Noise Voltage 
(Vds = 15 Vdc, Vgs = o, f = loo hz, bw = i.o hz) 

®n 

— 

60 

115 

nV/VRz 
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Id, drain current (mA) iD, DRAIN CURRENT (mA) Iq, DRAIN CURRENT (mA) 


2N5460 thru 2N5465 


DRAIN CURRENT versus GATE 
SOURCE VOLTAGE 

FIGURE 1 — VGS(off) = 2.0 VOLTS 
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FIGURE 4 — VGS(off) = 2 0 VOLTS 
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FIGURE 2 — VGS(off) = 4.0 VOLTS 


FIGURE 5 — VGS(off) = 4.0 VOLTS 
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FIGURE 6 — VGSIoff) = 5 0 VOLTS 


4VdS = 15 V 
1 f = 1.0 kHz ■ 
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2N5484 

thru 

2N5486 

CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Gate Voltage 

VdG 

25 

Vdc 

Reverse Gate-Source Voltage 

VgSR 

25 

Vdc 

Drain Current 

Id 

30 

mAdc 

Forward Gate Current 

lG(f) 

10 

mAdc 

Total Device Dissipation @ Tc = 25X 

Pd 

310 

mW 

Derate above 25°C 


2.82 

mW/X 

Operating and Storage Junction 

Tj, Tgtg 

— 65 to +150 

°C 

Temperature Range 





JFET 

VHF/UHF AMPLIFIERS 

N-CHANNEL — DEPLETION 


Refer to 2N4416 for graphs. 


ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq = -1.0 fxAdc, Vds = 0) 

V(BR)GSS 

-25 

— 


Vdc 

Gate Reverse Current 

•gss 





(Vgs = -20 Vdc, Vds = o) 


— 

— 

-1.0 

nAdc 

(VqS = -20 Vdc, Vds = 0, Ta = 100°C) 


— 

— 

-0.2 

/itAdc 

Gate Source Cutoff Voltage 

VGS(off) 




Vdc 

(Vds = 1 5 Vdc, Id = 10 nAdc) 2N5484 


-0.3 

— 

-3.0 


2N5485 


-0.5 

— 

-4.0 


2N5486 


-2.0 

— 

-6.0 



ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 


Idss 




mAdc 

(Vds = 15 Vdc, Vgs = o) 

2 N 5484 


1.0 

— 

5.0 



2N5485 


4.0 

— 

10 



2N5486 


8.0 

— 

20 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 15 Vdc, Vgs = O, f = I.O kHz) 

2N5484 

2 N 5485 

2 N 5486 

IVfsl 

3000 

3500 

4000 

- 

6000 

7000 

8000 

/umhos 

Input Admittance 


Re(yis) 




jamhos 

(Vds = 15 Vdc, Vgs = o, f = loo mhz) 

2 N 5484 


— 

— 

100 


(Vds = 15 Vdc, Vgs = o, f = 4oo mhz) 

2N5485, 2N5486 


— 

— 

1000 


Output Admittance 


IVosI 




)Ltmhos 

(Vds = 15 Vdc, Vgs = O, f = I.O kHz) 

2 N 5484 


— 

— 

50 



2N5485 


— 

— 

60 



2N5486 


— 

— 

75 


Output Conductance 


P®(yos^ 




/u-mhos 

(Vds = 15 Vdc, Vgs = o, f = ioo mhz) 

2N5484 


— 

— 

75 


(Vds - 15 Vdc, Vgs = o, f = 4oo mhz) 

2N5485, 2N5486 


— 

— 

100 


Forward Transconductance 


Re(yfs) 




jumhos 

(Vds = 15 Vdc, Vgs = o, f = ioo mhz) 

2N5484 


2500 

— 

— 


(Vds = 15 Vdc, Vgs = o, f = 4oo mhz) 

2N5485 


3000 

_ 

_ 



2 N 5486 


3500 

— 

— 
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2N5484 thru 2N5486 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Input Capacitance 

(Vds = 15 Vdc, Vqs = 0 , f = 1.0 MHz) 

Ciss 

- 

- 

5.0 

pF 

Reverse Transfer Capacitance 
(Vds = 15 Vdc. Vqs = 0 , f = 1.0 MHz) 

Crss 

— 

— 

1.0 

PF 

Output Capacitance 

(Vds = 15 Vdc, Vqs = 0, f = 1.0 MHz) 

Cqss 

— 

— 

2.0 

pF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 


NF 




dB 

(Vds = 15 Vdc, Vqs = 0, Rq = 1.0 Megohm, f = 

1.0 kHz) 


— 

— 

2.5 


(Vds = 15 Vdc, Id = I.O mAdc, 

Rq ** 1.0 k ohm, f = 100 MHz) 

2N5484 


— 

— 

3.0 


(Vds = 15 Vdc, Id = 1.0 mAdc, 

Rq 1.0 k ohm, f = 200 MHz) 

2N5484 


— 

4.0 

— 


(Vds = 15 Vdc, Id = 4.0 mAdc, 

2N5485, 2N5486 


— 

— 

2.0 


Rq « 1.0 k ohm, f = 100 MHz) 

(Vds = 15 Vdc, Id = 4.0 mAdc, 

Rq «= 1.0 k ohm, f = 400 MHz) 

2N5485, 2N5486 


- 

- 

4.0 


Common Source Power Gain 


Gps 




dB 

(Vds = 15 Vdc, Id = I.O mAdc, f = 100 MHz) 

2N5484 

16 

— 

25 


(Vds = 15 Vdc, Id = l-O mAdc, f = 200 MHz) 

2N5484 



14 

— 


(Vds = 15 Vdc. Id = 4.0 mAdc, f = 100 MHz) 

2N5485, 2N5486 


18 

— 

30 


(Vds = 15 Vdc, Id = 4.0 mAdc, f = 400 MHz) 

2N5485, 2N5486 



— 

20 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

25 

Vdc 

Drain-Gate Voltage 

VdG 

25 

Vdc 

Gate-Source Voltage 

VgS 

25 

Vdc 

Forward Gate Current 

'gf 

10 

mAdc 

Total Device Dissipation @ Tq = 25°C 

Pd 

310 

mW 

Derate, above 25°C 


2.82 

mW/X 

Junction Temperature Range 

Tj 

— 65 to +150 

°C 

Storage Temperature Range 

^stg 

- 65 to +150 

X 


2N5555 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 



JFET 

SWITCHING 

N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | UniiT 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = 10 fiMo. Vds = 0) 

V(BR)GSS 

25 

— 

Vdc 

Gate Reverse Current 

Igss 


1.0 

nAdc 

(Vgs = 15 Vdc, Vds = O) 





Drain Cutoff Current 

'D(off) 



nAdc 

(Vds = 12 Vdc, Vgs = -io v) 


— 

10 


(Vds = 12 Vdc, Vgs = -lov, ta = loox) 


— 

2.0 

)LiAdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* 

(Vds = 15 Vdc, Vgs = o) 

loss 

15 

— 

mAdc 

Gate-Source Forward Voltage 
(lG(f) = 1.0 mAdc, Vds = 0) 

VGS(f) 

— 

1.0 

Vdc 

Drain-Source On-Voltage 
(Id = 7.0 mAdc, Vgs = 0) 

VDS(on) 

— 

1.5 

Vdc 

Static Drain-Source On Resistance 
(Id = 0.1 mAdc, Vgs = 0) 

'■DS(on) 

— 

150 

Ohms 


SMALL-SIGNAL CHARACTERISTICS 


Small-Signal Drain-Source “ON" Resistance 
(Vgs = 0, Id = o,f = i.okHz) 

'■ds(on) 


150 

Ohms 

Input Capacitance 

(Vds = 15 Vdc, Vgs = o, f = i.o mhz) 

Ciss 

— 

5.0 

PF 

Reverse Transfer Capacitance 
(Vds = 0, Vgs = io vdc, f = i.o mhz) 

Crss 

— 

1.2 

PF 


SWITCHING CHARACTERISTICS 


Turn-On Delay Time 

(Vdd = 10 Vdc, iD(on) = 7.0 mAdc, 

ld(on) 

— 

5.0 

ns 

Rise Time 

VGS(on) = 0, VGS(off) = -10 Vdc) 

(See Figure 1) 

tr 

— 

5.0 

ns 

Turn-Off Delay Time 

(Vdd = 10 Vdc, iD(on) = 7.0 mAdc, 

td(off) 

— 

15 

ns 

Fall Time 

VGS(on) = 0, VGS(off) = -10 Vdc) 

(See Figure 1) 

tf 

— 

10 

ns 


♦Pulse Test: Pulse Width < 300 /as, Duty Cycle < 3.0%. 
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2N5638 

thru 

2N5640 

CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

30 

Vdc 

Drain-Gate Voltage 

VdG 

30 

Vdc 

Reverse Gate-Source Voltage 

vqsr 

30 

Vdc 

Forward Gate Current 

>GF 

10 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

310 

mW 

Derate above 25°C 


2.82 

mW/X 

Junction Temperature Range 

Tj 

— 65 to +150 

°C 

Storage Temperature Range 

"’"stg 

- 65 to +150 

°C 



JFETs 

SWITCHING 

N-CHANNEL — DEPLETION 


Refer to 2N5653 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min I Max I Unit 


OFF CHARACTERISTICS 
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2N5638 thru 2N5640 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


1 Characteristic 

1 Symbol | 

Min 

1 Max 1 

Unit 1 

SWITCHING CHARACTERISTICS 






Turn-On Delay 

Time 


>D(on) = 12 mAdc 

6.0 mAdc 

3.0 mAdc 

2N5638 

2N5639 

2N5640 

1d(on) 

— 

4.0 

6.0 

8.0 

ns 

Rise Time 

Vdd = 10 Vdc, 

iD(on) = 12 mAdc 

2N5638 

tr 

_ 

5.0 

ns 



6.0 mAdc 

2N5639 


— 

8.0 



VQSIon) = 0, 

3.0 mAdc 

2N5640 


— 

10 


Turn-Off Delay 

VGS(off) = -10 Vdc, 

■D(on) = 12 mAdc 

2N5638 

td(off) 

_ 

5.0 

ns 

Time 


6.0 mAdc 

2N5639 


— 

10 



Rq' = 50 ohms 

3.0 mAdc 

2N5640 


— 

15 


Fall Time 


iD(on) = 12 mAdc 

2N5638 

tf 

— 

10 

ns 



6.0 mAdc 

2N5639 


— 

20 




3.0 mAdc 

2N5640 


— 

30 



(1) Pulse Test: Pulse Width ^ 300 fxs, Duty Cycle ^ 3.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

25 

Vdc 

Drain-Gate Voltage 

VdG 

25 

Vdc 

Reverse Gate-Source Voltage 

vqsr 

25 

Vdc 

Drain Current 

Id 

20 

mAdc 

Forward Gate Current 

'G(f) 

10 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

310 

mW 

Derate above 25°C 


2.82 

mW/°C 

Storage Channel Temperature Range 

Tstg 

- 65 to +150 

°C 


2N5668 

thru 

2N5670 

CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 



JFET 

VHF AMPLIFIERS 

N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq = 10 )LiAdc, Vds = 0) 

V(BR)GSS 

25 

— 

- 

Vdc 

Gate Reverse Current 

'gss 





(Vgs = -15 Vdc, Vds = O) 


— 

— 

2.0 

nAdc 

(Vqs = -15 Vdc, Vds = 0, Ta = ioo°c) 


— 

— 

2.0 

^Adc 

Gate Source Cutoff Voltage 

VGS(off) 




Vdc 

(Vds = 15 Vdc, Id = 10 nAdc) 2N5668 


-0.2 

— 

-4.0 


2 N 5669 


-1.0 

— 

-6.0 


2N5670 


-2.0 

— 

-8.0 



ON CHARACTERISTICS 



Zero-Gate-Voltage Drain Current(l) 


loss 




mAdc 

(Vds = 15 Vdc, Vqs = 0) 

2N5668 


1.0 

— 

5.0 



2N5669 


4.0 

— 

10 



2 N 5670 


8.0 

— 

20 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 15 Vdc, Vqs = 0, f = 1.0 kHz) 

2N5668 

2 N 5669 
2N5670 

IVfsl 

1500 

2000 

3000 

- 

6500 

6500 

7500 

/xmhos 

Input Admittance 


Re(yis) 

— 

125 

800 

ju-mhos 

(Vds = 15 Vdc, Vqs = 0, f = 100 MHz) 







Output Admittance 


IVosl 




/Limhos 

(Vds = 15 Vdc, Vqs = 0, f = 1.0 kHz) 

2N5668 


— 

— 

20 



2N5669 


— 

— 

50 



2N5670 


— 

— 

75 


Output Conductance 


Re(yos) 




/Ltmhos 

(Vds = 15 Vdc, Vqs = 0, f = 100 MHz) 

2N5668 


— 

10 

50 



2N5669 


— 

25 

100 



2N5670 


— 

35 

150 


Forward Transconductance 


Re(yfs) 




/xmhos 

(Vds = 15 Vdc, Vqs = 0, f = 100 MHz) 

2N5668 


1000 

— 

— 



2 N 5669 


1600 

— 

— 



2N5670 


2500 

— 

— 


Input Capacitance 


l^iss 

~ 

4.7 

7.0 

pF 

(Vds = 15 Vdc, Vgs = o, f = i.o mhz) 







Reverse Transfer Capacitance 


^rss 

— 

1.0 

3.0 

PF 

(Vds = 15 Vdc, Vgs = o, f = i.o mhz) 
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2N5668 thru 2N5670 


ELECTRICAL CHARACTERISTICS (continueci) (T>\ = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Capacitance 

(Vds = 15 Vdc, Vqs = 0, f - 1.0 MHz) 

CqsS 

- 

1.4 

4.0 

PF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure (Figure 1) i 

(Vds = 15 Vdc, Vqs = 0, f = 100 MHz at Rq' = 1.0 k ohm) 

NF 

— 

— 

2.5 

dB 

Common Source Power Gain (Figure 1) 

(Vds = 15 Vdc, Vqs = 0, f = 100 MHz) 

Q. 

CD 

16 

— 

— 

dB 


(1) Pulse Test: Pulse Width = 100 ms, Duty Cycle 10%. 


FIGURE 1 - 100 MHz, POWER GAIN AND NOISE FIGURE TEST CIRCUIT 



Tapped at « 5 Turns; Parallel Resistance = 40 k ohms, 
tunes at « 4.0 pF. 
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MAXIMUM RATINGS 


Rating 

Symbol 

— 

2N6659 

MPF6659 

2N6660 

MPF6660 

2N6661 

MPF6661 

Unit 

Drain-Source Voltage 

VdS 

35 

60 

90 

Vdc 

Drain-Gate Voltage 

VdG 

35 

60 

90 

Vdc 

Gate-Source Voltage 

VqS 

± 30 

Vdc 

Drain Current — 

Continuous (1) 

Pulsed (2) 

•d 

■dm 

2.0 

3.0 

Adc 


2N6659 

2N6660 

2N6661 

MPF6659 

MPF6660 

MPF6661 


Total Device Dissipation 
@ Tc = 25°C 

Derate above 25°C 

Pd 

6.25 

50 

2.5 

20 

Watts 

mW/°C 

Total Device Dissipation 
@ Ta = 25°C 

Derate above 25°C 

Pd 

- 

1.0 

8.0 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj/ Tgtg 

— 55 to +150 

°C 


(1) The Power Dissipation of the package may result in a lower continuous drain 
current. 

(2) Pulse Width 300 ixs, Duty Cycle 2.0%. 


2N6659 MPF6659 
thru thru 
2N6661 MPF6661 


2N6659,60,61 
CASE 79-04, STYLE 6 
TO-39 {TO-205AD) 



1 Drain 



CASE 29-03, STYLE 22 
TO-92 (TO-226AE) 



TMOS SWITCHING ' 
FET TRANSISTORS 


N-CHANNEL — ENHANCEMENT 


ELECTRICAL CHARACTERISTICS (J/\ ^ 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vds = Maximum Rating, Vqs = 0) 

>DSS 

— 

— 

10 

^lAdc 

Gate-Body Leakage Current 

'gss 

— 

— 

100 

nAdc 

(Vgs = 15 V, Vds = o) 






Drain-Source Breakdown Voltage 

V(BR)DSX 




Vdc 

(Vgs = 0, Id = 10 /aA) 2N6659, MPF6659 


35 

— 

— 


2N6660, MPF6660 


60 

— 

— 


2N6661, MPF6661 


90 

— 

— 



ON CHARACTERISTICSd) 



Gate Threshold Voltage 
(Vds = Vgs. Id = i-o f^iA) 

VGS(Th) 

0.8 

1.4 

2.0 

Vdc 

Drain-Source On-Voltage 

VDS(on) 




Vdc 

(Vgs = 10 V, Id = I.O A) 2N6659, MPF6659 


— 

— 

1.8 


2N6660, MPF6660 


— 

— 

3.0 


2N6661, MPF6661 


— 

— 

4.0 


(Vgs = 5.0 V, Id = 0.3 A) 2N6659, MPF6659 




0.8 

1.5 


2 N 6660, MPF6660 


— 

0.9 

1.5 


2N6661, MPF6661 


— 

0.9 

1.6 


Static Drain-Source On Resistance 

rDSIon) 




Ohms 

(Vgs = 10 Vdc, Id = 1.0 Adc) 2N6659, MPF6659 


— 

— 

1.8 


2N6660, MPF6660 


— 

— 

3.0 


2N6661, MPF6661 


— 

~ 

4.0 


On-State Drain Current 

iD(on) 

1.0 

2.0 

— 

Amps 

(Vds = 25 V, Vgs = 10 v) 







SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 

(Vds = 25 V, Vgs = 0, f = 1.0 mhz) 

Ciss 

— 

30 

50 

PF 

Reverse Transfer Capacitance 
(Vds = 25 V, Vgs = 0, f = 1.0 mhz) 

Crss 

— 

3.6 

10 

PF 

Output Capacitance 

(Vds = 25 V, Vgs = 0, f = 1.0 mhz) 

(-oss 

— 

20 

40 

pF 

Forward Transconductance 
(Vds = 25 V, Id = 0.5 a) 

gfs 

170 

i 


— 

mmhos 
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2N6659 thru 2N6661, MPF6659 thru MPF6661 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max I Unit 


SWITCHING CHARACTERISTICSd) 


Rise Time 

tr 

— 

— 

5.0 

ns 

Fall Time 

tf 

— 

— 

5.0 

ns 

Turn-On Time 

ton 

— 

— 

5.0 

ns 

Turn-Off Time 

toff 

- 

- 

5.0 

ns 


(1) Pulse Test: Pulse Width 300 ixs, Duty Cycle 2.0%. 


RESISTIVE SWITCHING 



FIGURE 1 — SWITCHING TEST CIRCUIT FIGURE 2 — SWITCHING WAVEFORMS 


+ 25 V 



FIGURE 3 — VGS(th) NORMALIZED versus TEMPERATURE 


^ 0.4 
0 















Vds = 

VgS 







lD = 1 

.0 mA 























^ 











^ 


























0 50 100 

Tj, JUNCTION TEMPERATURE 


150 (°C) 


FIGURE 4 — ON-REGION CHARACTERISTICS 



0 1.0 2.0 3.0 4.0 

Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 5 — OUTPUT CHARACTERISTICS 



FIGURE 6 — CAPACITANCE versus DRAIN-TO-SOURCE VOLTAGE 



0 10 20 30 40 50 60 

Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
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2N6659 thru 2N6661, MPF6659 thru MPF6661 



Tj, JUNCTION TEMPERATURE (°C) 
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2N6782 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdSS 

100 

Vdc 

Drain-Gate Voltage (Rqs = 1.0 mft) 

VdGR 

100 

Vdc 

Gate-Source Voltage 

VgS 

±20 

Vdc 

Drain Current 



Adc 

Continuous 

Id 

3.5 


Pulsed 

Idm 

14 


Total Power Dissipation @ Tq = 25°C 

Pd 

15 

Watts 

Derate above 25°C 


0.12 

W/°C 

Operating and Storage 

Tj/ Tstg 

-55 to 150 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 

Thermal Resistance Junction to Case 

R0JC 

8.33 

X/W 

Thermal Resistance Junction to Ambient 

R0JA 

175 

x/w 

Maximum Lead Temperature 

Tl 

300 

X 

1.6 mm from Case for 10 s 1 





ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic 


CASE 79-05, STYLE 6 
TO-39 (TO-205AF) 



3 Drain 



1 Source 


TMOS FET 
TRANSISTOR 

N-CHANNEL — ENHANCEMENT 


Synfibol | Min | Max J Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage (Vqs = 0, Iq = 0-25 mA) 

V(BR)DSS 

100 

— 

Vdc 

Zero Gate Voltage Drain Current 

Idss 



fxAdc 

(Vds = 100 V, Vgs = 0 V) 


— 

250 


(Vds = 80 V, Vgs = O V, Tj = 125X) 


— 

1000 


Gate-Body Leakage Current, Forward (Vgs = 20 Vdc, Vqs = 0) 

igssf 

— 

100 

nAdc 

1 

Gate-Body Leakage Current, Reverse (Vgs = -20 Vdc, Vps = 0) 

igssr 

- 

-100 

nAdc 


ON CHARACTERISTICS* 


Gate Threshold Voltage (Vqs = Vgs» Id ^ 8-8 mA) 

VGS(th) 

2.0 

4.0 

Vdc 

Static Drain-Source On-Resistance T^ = 25X 

(Vgs = lO Vdc, Id = 2.25 Adc) Ta = 125X 

rDS(on) 


0.6 

1.08 

Ohm 

Drain-Source On-Voltage (Vgs = 10 V, Ip = 3.5 Adc) 

VDS(on) 


2.1 

Vdc 

Forward Transconductance (Vqs = 5.0 V, Ip = 2.25 Adc) 

gfs 

1.0 

3.0 

mhos 


DYNAMIC CHARACTERISTICS 


Input Capacitance 

(Vds = 25 V, Vgs = 0 ^ 
f = 1.0 MHz) 

Liss 

60 

200 

PF 

Output Capacitance 

Loss 

40 

100 


Reverse Transfer Capacitance 

Lrss 

10 

25 



SWITCHING CHARACTERISTICS* 


Turn-On Delay Time 

(Vdd = 34 V, Id = 2.25 Rated Id, 

Pgen = 50 ohms) 

td(on) 

— 

15 

ns 

Rise Time 

tr 

— 

25 

Turn-Off Delay Time 

td(off) 

— 

25 

Fall Time 

tf 

— 

20 


SOURCE-DRAIN DIODE CHARACTERISTICS* 


Diode Forward Voltage 

dS = Rated iD(on)/ 

Vgs = 0) 1 

VSD 

0.75 

1.5 

Vdc 

Forward Turn-On Time 

ton 

— 

Negligible 

ns 

Reverse Recovery Time 

trr 

— 

200 

ns 


*Pulse Test; Pulse Width 300 fis, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdSS 

200 

Vdc 

Drain-Gate Voltage (Rqs = 1.0 mfl) 

VdGR 

200 

Vdc 

Gate-Source Voltage 

VgS 

o 

CM 

+1 

Vdc 

Drain Current 



Adc 

Continuous 

Id 

2.25 


Pulsed 

Idm 

9.0 


Total Power Dissipation @ Tq = 25°C 

Pd 

15 

Watts 

Derate above 25°C 


0.12 

W/°C 

Operating and Storage 

Tj/ Tstg 

-55 to 150 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 

Thermal Resistance Junction to Case 

R0JC 

8.33 

x/w 

Thermal Resistance Junction to Ambient 

R0JA 

175 

°c/w 

Maximum Lead Temperature 

Tl 

300 

X 

1.6 mm from Case for 10 s 





ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic 



Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage (Vqs = 0, Ip = 0.25 mA) 

V(BR)DSS 

200 

— 

Vdc 

Zero Gate Voltage Drain Current 

■dss 



/xAdc 

(Vds = Rated VqsS' Vqs = 0) 


— 

250 


(VdS = 0-8 Rated VqsS' VqS = 0, Tj = 125X) 


— 

1000 


Gate-Body Leakage Current, Forward (Vqs = 20 Vdc, Vqs ^ 0) 

Igssf 

— 

100 

nAdc 

Gate-Body Leakage Current, Reverse (Vqs = -20 Vdc, Vps = 0) 

Igssr 

— 

-100 

nAdc 


ON CHARACTERISTICS* 


Gate Threshold Voltage (Vqs = VqS/ Id = 0-5 mA) 

VGS(th) 

2.0 

4.0 

Vdc 

Static Drain-Source On-Resistance T^ = 25X 

(VqS = 10 Vdc, Id = 1.5 Adc) Ta = 125X 

XSIon) 


1.5 

2.81 

Ohm 

Drain-Source On-Voltage (Vqs = 10 V, Iq = 2.25 Adc) 

VDS(on) 

— 

3.37 

Vdc 

Forward Transconductance (Vqs = 5.0 V, Ip = 1.5 Adc) 

gfs 

0.9 

2.7 

mhos 


DYNAMIC CHARACTERISTICS 


Input Capacitance 

(Vds = 25 V, vqs - 0, 
f = 1.0 MHz) 

Ciss 

60 

200 

pF 

Output Capacitance 

Coss 

20 

80 


Reveise Transfer Capacitance 

Crss 

5.0 

1 



SWITCHING CHARACTERISTICS* 


Turn-On Delay Time 

(Vdd == 75 V, Id = 1.5 A, 

Rgen = 50 ohms) 

td(on) 

— 

15 

ns 

Rise Time 

tr 

— 

20 

Turn-Off Delay Time 

td(off) 


30 

Fall Time 

tf 

— 

20 


SOURCE-DRAIN DIODE CHARACTERISTICS* 


Diode Forward Voltage 

(Is = Rated lD(on)» 

Vqs = 0) 

VSD 

0.7 

1.5 

Vdc 

Forward Turn-On Time 

ton 

— 

Negligible 

ns 

Reverse Recovery Time 

trr 

290 (Typ) 

— 

ns 


*Pulse Test: Pulse Width ^ 300 ixs, Duty Cycle 2.0%. 
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MAXIMUM RATINGS 


2N6788 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdSS 

100 

Vdc 

Drain-Gate Voltage (RqS = ^ ^ 

VdGR 

100 

Vdc 

Gate-Source Voltage 

VgS 

±20 

Vdc 

Drain Current 



Adc 

Continuous 

Id 

6.0 


Pulsed 

Idm 

24 


Total Power Dissipation @ Tc = 25°C 

Pd 

20 

Watts 

Derate above 25°C 


0.16 

W/°C 

Operating and Storage 

Tj» Tstg 

-55 to 150 

X 

Temperature Range 



THERMAL CHARACTERISTICS 

Thermal Resistance Junction to Case 

R0JC 

6.25 

X/W 

Thermal Resistance Junction to Ambient 

R0JA 

175 

X/W 

Maximum Lead Temperature 

Tl 

300 

X 

1.6 mm from Case for 10 s 





ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


Characteristic 


CASE 79-05, STYLE 6 
TO-39 (TO-205AF) 



3 Dram 



1 Source 


TMOS FET 
TRANSISTOR 

NCHANNEL — ENHANCEMENT 


Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage (Vqs = 0, Iq = 0.25 mA) 

V(BR)DSS 

100 

— 

Vdc 

Zero Gate Voltage Drain Current 

IDSS 



mA 

(Vds = Rated VqsS' Vqs = 0) 


— 

1.0 


(Vds = 80 V, Vgs = 0, Tj = 125X) 


— 

4.0 


Gate-Body Leakage Current, Forward (Vqs = 20 Vdc, Vds = 0) 

IGSSF 

— 

100 

nAdc 

Gate-Body Leakage Current, Reverse (Vqs = -20 Vdc, Vps = 0) 

igssr 

- 

-100 

nAdc 


ON CHARACTERISTICS* 


Gate Threshold Voltage (Vqs = Vqs^ Id = t.O mA) 

VGS(th) 

2.0 

4.0 

Vdc 

Static Drain-Source On-Resistance T/^ = 25X 

(Vgs = 10 Vdc, Id = 3.5 Adc) Ta = 125X 

i-DSion) 

— 

0.3 

0.54 

Ohm 

Drain-Source On-Voltage (Vgs = 10 V, Id = 6.0 Adc) 

VDS(on) 

— 

1.8 

Vdc 

Forward Transconductance (Vds ^ 8.0 V, Id = 3.5 Adc) 

gfs 

1.5 

4.5 

mhos 


DYNAMIC CHARACTERISTICS 


Input Capacitance 

{Vds = 25 V, Vgs = 0 , 
f = 1.0 MHz) 

O^iss 

200 

600 

PF 

Output Capacitance 

^oss 

100 

400 


Reverse Transfer Capacitance 

O^rss 

20 

100 



SWITCHING CHARACTERISTICS* 


Turn-On Delay Time 

(Vdd = 35 V, Id = 3.5 A, 

Rgen = 50 ohms) 

i 

td(on) 

— 

40 

ns 

Rise Time 

tr 

— 

70 

Turn-Off Delay Time 

td(off) 

— 

40 

Fall Time 

tf 

— 

70 


SOURCE-DRAIN DIODE CHARACTERISTICS* 


Diode Forward Voltage 

(Is = Rated iD(on)/ 

Vgs = 0) 

VSD 

0.8 

1.8 

Vdc 

Forward Turn-On Time 

ton 

— 

Negligible 

ns 

Reverse Recovery Time 

trr 

— 

230 

ns 


*Pulse Test: Pulse Width =s 300 fxs, Duty Cycle 2.0%. 
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MAXIMUM RATINGS 


2N6790 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdSS 

200 

Vdc 

Drain-Gate Voltage (Rgs = ^ 0 mfl) 

VdGR 

200 

Vdc 

Gate-Source Voltage 

VgS 

±20 

Vdc 

Drain Current 



Adc 

Continuous 

Id 

3.5 


Pulsed 

Idm 

14 


Total Power Dissipation Tq = 25°C 

Pd 

20 

Watts 

Derate above 25°C 


0.16 

W/°C 

Operating and Storage 

Tj' Tstg 

-55 to 150 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 

Thermal Resistance Junction to Case 

R6UC 

6.25 

°C/W 

Thermal Resistance Junction to Ambient 

R0JA 

175 

X/W 

Maximum Lead Temperature 

tl 

300 

X 

1.6 mm from Case for 10 s 




ELECTRICAL CHARACTERISTICS (Tq = 

25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


CASE 79-05, STYLE 6 
TO-39 (TO-205AF) 



3 Drain 



1 Source 


TMOS FET 
TRANSISTOR 

N-CHANNEL — ENHANCEMENT 


Symbol Min Max Unit 


Drain-Source Breakdown Voltage (Vqs = Id = 0-25 mA) 

V(BR)DSS 

200 

— 

Vdc 

Zero Gate Voltage Drain Current 

idss 



/uAdc 

(Vds ^ Rated VqsS' VqS = 0) 


— 

250 


(Vds - 0.8 Rated VqsS- Vqs = 0, Tj - 125X) 


— 

1000 


Gate-Body Leakage Current, Forward (Vqs = 20 Vdc, Vps = 0) 

Igssf 

— 

100 

nAdc 

Gate-Body Leakage Current, Reverse (Vqs = -20 Vdc, Vqs = 0) 

igssr 

_ 

-100 

nAdc 


ON CHARACTERISTICS* 


Gate Threshold Voltage (Vds = VqS' Id = t O mA) 

VGS(th) 

2.0 

4.0 

Vdc 

Static Drain-Source On-Resistance Ta = 25X 

(Vqs = 10 Vdc, Id = 2.25 Adc) Ta = 125X ! 

rDS(on) 



0.8 

1.5 

Ohm 

Drain-Source On-Voltage (Vqs ^ 10 V, Id = 3.5 Adc) 

VDS(on) 

— 

2.8 

Vdc 

Forward Transconductance (Vds = 5.0 V, Id = 2.25 Adc) 

gfs 

L5 , 

4.5 

mhos 


DYNAMIC CHARACTERISTICS 


Input Capacitance 

(Vds = 25 V, Vgs == o, i 

f = 1.0 MHz) 1 

t^iss 

200 

600 

PF 

Output Capacitance 

^oss 

60 

300 


Reverse Transfer Capacitance 

Crss 

15 

80 



SWITCHING CHARACTERISTICS* 


Turn-On Delay Time 

(Vdd = 74 V, Id = 2.25 A, 

Rgen = 50 ohms) | 

td(on) 

_ 

40 

ns 

Rise Time 

tr 

— 

50 

Turn-Off Delay Time 

td(off) 

— 

50 

Fall Time 

tf 

_ 

50 


SOURCE-DRAIN DIODE CHARACTERISTICS* 


Forward Diode Voltage 

(Is = Rated iD(on)' 

Vgs = 0) 

VSD 

0.7 

1.5 

Vdc 

Forward Turn-On Time 

ton 

— 

Negligible 

ns 

Reverse Recovery Time 

trr 

— 

350 

ns 


* Pulse Test: Pulse Width ^ 300 /xs, Duty Cycle 2.0%. 
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2N6796 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdSS 

100 

Vdc 

Drain-Gate Voltage (Rqs = I O 

VdGR 

100 

Vdc 

Gate-Source Voltage 

vgs 

±20 

Vdc 

Drain Current 



Adc 

Continuous 

Id 

8.0 


Pulsed 

Idm 

32 


Total Power Dissipation @ Tc = 25°C 

pd 

25 

Watts 

Derate above 25°C 


0.2 

W/°C 

Operating and Storage 

Tjr Tstg 

-55 to 150 

X 

Temperature Range 



THERMAL CHARACTERISTICS 

Thermal Resistance Junction to Case 

R0JC 

5.0 

°c/w 

Thermal Resistance Junction to Ambient 

R6»JA 

175 

°c/w 

Maximum Lead Temperature 

Tl 

300 

°c 

1.6 mm from Case for 10 s 





ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic 

OFF CHARACTERISTICS 


CASE 79-05, STYLE 6 
TO-39 (TO-205AF) 



TMOS FET 
TRANSISTOR 

N-CHANNEL — ENHANCEMENT 


Symbol [ Min | Max Unit 


Drain-Source Breakdown Voltage (Vqs = 0, Ip = 0.25 mA) 

V(BR)DSS 

100 

- 

Vdc 

Zero Gate Voltage Drain Current 

'DSS 



(xAdc 

(Vds = Rated VqsS' Vqs = 0) 


— 

250 


(Vds = 80 V, Vgs = O, Tj = 125X) 


— 

1000 


Gate-Body Leakage Current, Forward (Vqs = 20 Vdc, Vps = 0) 

igssf 

— 

100 

nAdc 

Gate-Body Leakage Current, Reverse (Vqs = -20 Vdc, Vqs = 0) 

Igssr 

— 

-100 

nAdc 


ON CHARACTERISTICS* 


Gate Threshold Voltage (Vds = Vgs» Id = 0-8 mA) 

VGS(th) 

2.0 

4.0 

Vdc 

Static Drain-Source On-Resistance 
(Vgs = 10 Vdc, Id = 5.0 Adc) Ta = 125X 

rDS(on) 



0.18 

0.35 

Ohm 

Drain-Source On-Voltage (Vgs 10 V, Id = 8.0 Adc) 

VDS(on) 

— 

1.56 

Vdc 

Forward Transconductance (Vds = 15 V, Id = 5.0 Adc) 

gfs 

3.0 

9.0 

mhos 


DYNAMIC CHARACTERISTICS 


Input Capacitance 

(Vds = 25 V, Vgs = o, 

f = 1.0 MHz) 

t^iss 

350 

900 

PF 

Output Capacitance 

t^oss 

150 

500 


Reverse Transfer Capacitance 

Crss 

50 

150 



SWITCHING CHARACTERISTICS* 


Turn-On Delay Time 

(Vdd = 30 V, Id = 5.0 Adc, 

Rgen = 80 ohms) 

td(on) 

— 

30 

ns 

Rise Time 

tr 

— 

75 

Turn-Off Delay Time 

td(off) 

— 

40 

Fall Time 

tf 

— 

45 


SOURCE-DRAIN DIODE CHARACTERISTICS* 


Diode Forward Voltage 

(Is = Rated iD(on)' 

Vgs = 0) 

VSD 

0.75 

1.5 

Vdc 

Forward Turn-On Time 

ton 

— 

Negligible 

ns 

Reverse Recovery Time 

trr 

— 

300 

ns 


*Pulse Test: Pulse Width 300 ju.s, Duty Cycle 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Drain-Source Voltage 

VdSS 

200 

Drain-Gate Voltage (Rqs = 10 mfl) 

VdGR 

200 

Gate-Source Voltage 

Vqs 

o 

+1 

Drain Current 



Continuous 

Id 

5.5 

Pulsed 

Idm 

22 

Total Power Dissipation @ Tp = 25X 

Pd 

25 

Derate above 25X 


0.2 

Operating and Storage 

Tj, Tstg 

-55 to 150 

Temperature Range 


THERMAL CHARACTERISTICS 

Thermal Resistance Junction to Case 

R^JC 

5.0 

Maximum Lead Temperature 

Tl 

300 

1.6 mm from Case for 10 s 




ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage (Vqs = 0/ = 0-25 rnA) 

Zero Gate Voltage Drain Current 
(VdS = Rated VpsS' VqS = 0) 

(VpS - 0.8 Rated Vpss, VqS = 0> Tj = 125°C) 

Gate-Body Leakage Current, Forward (Vqs = 20 Vdc, Vps = 0) 

Gate-Body Leakage Current, Reverse (Vqs = -20 Vdc, Vps = 0) 

ON CHARACTERISTICS* 

Gate Threshold Voltage (Vps = VqS/ 'd 

Static Drain-Source On-Resistance Ta = 25°C 

(Vqs = 10 Vdc, Ip = 3.5 Adc) Ta - 125°C 

Drain-Source On-Voltage (Vqs = 10 V, Ip = 5.5 Adc) 

Forward Transconductance (Vps = 5.0 V, Ip = 3.5 Adc) 

DYNAMIC CHARACTERISTICS 

Input Capacitance 

Output Capacitance r=^1 .o'mHz® " ''' 

Reverse Transfer Capacitance 

SWITCHING CHARACTERISTICS* 

Turn-On Delay Time 

Rise Time (Vpp 77 V, Ip = 3.5 A 

Turn-Off Delay Time Rgen = ^0 ohms) 

Fall Time 

SOURCE-DRAIN DIODE CHARACTERISTICS* 


= 77 V, Ip = 3.5 A 
(n = 50 ohms) 


Forward Turn-On Time 
Reverse Recovery Time 

*Pulse Test: Pulse Width 300 as, Duty Cycle ^ 2.0% 


(Is = Rated lp(on)» 

Vqs = 0) 
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Unit 

Vdc 

Vdc 

Vdc 

Adc 

Watts 

W/°C 

X 


X/W 

X 




V(BR)DSS 

200 

— 

Vdc 

'dss 

- 

250 

1000 

^Adc 

Igssf 

— 

100 

nAdc 

igssr 

— 

-100 

nAdc 


4 


VGS(th) 1:2 Vdc 

rDSIon) — 0.4 Ohm 

— 0J5 

VDS(on) - 2.2 Vdc 

gfs 2.5 7.5 mhos 


Ciss 

350 

900 

^oss 

100 

450 

^rss 

40 

150 


td(on) 

— 

30 

tr 

— 

50 

td(off) 

— 

50 

tf 

— 

40 


VSD 

0.7 

1.4 

Ion 

— 

Negligible 

trr 

450 (Typ) 

- 


FETs AND DIODES 





2N6800 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdSS 

400 

Vdc 

Drain-Gate Voltage (Rqs = ”' •0 

VdGR 

400 

Vdc 

Gate-Source Voltage 

vgs 

±20 

Vdc 

Drain Current 



Adc 

Continuous 

•d 

3.0 


Pulsed 

Idm 

14 


Total Power Dissipation @ Tc = 25°C 

Pd 

25 

Watts 

Derate above 25°C 


20 

W/°C 

Operating and Storage 

Tj/ Tstg 

-55 to 150 

X 

Temperature Range 



THERMAL CHARACTERISTICS 

Thermal Resistance Junction to Case 

R^JC 

5.0 

x/w 

Maximum Lead Temperature 

Tl 

300 

X 

1.6 mm from Case for 10 s 





ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


Characteristic 


CASE 79-05, STYLE 6 
TO-39 (TO-205AF) 



3 Drain 



1 Source 


TMOS FET 
TRANSISTOR 

N-CHANNEL — ENHANCEMENT 


Symbol Min Max Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage (Vqs = 0, Iq = 0,25 mA) 

V(BR)DSS 

400 

— 

Vdc 

Zero Gate Voltage Drain Current 

>DSS 



/x.Adc 

(Vds = Rated VdsS' Vqs = 0) 


— 

250 


(Vds = 0-8 Rated VqsS/ Vqs = 0, Tj = 125X) 


— 

1000 


Gate-Body Leakage Current, Forward (Vqs = 20 Vdc, Vqs == 0) 

igssf 

_ 

100 

nAdc 

Gate-Body Leakage Current, Reverse (Vqs = -20 Vdc, Vps = 0) 

igssr 

- 

-100 

nAdc 


ON CHARACTERISTICS* 


Gate Threshold Voltage (Vps = Vqs, Ip = 0-8 mA) 

VGS(th) 

2.0 

4.0 

Vdc 

Static Drain-Source On-Resistance 
(Vgs = 10 Vdc, Ip = 2.0 Adc) Ta = 125X 

rDS(on) 

— 

1.0 

2.4 

Ohm 

Drain-Source On-Voltage (Vqs = 10 V, Ip = 3.0 Adc) 

Vpsion) 

— 

3.0 

Vdc 

Forward Transconductance (Vps = 5.0 V, Ip = 2.0 Adc) 

gfs 

2.0 

6.0 

mhos 


DYNAMIC CHARACTERISTICS 


Input Capacitance 

(Vps = 25 V, Vgs = 0, 
f = 1.0 MHz) 

Cjss 

350 

900 

PF 

Output Capacitance 

Coss 

50 

300 


Reverse Transfer Capacitance 

t^rss 

20 

80 



SWITCHING CHARACTERISTICS* 


Turn-On Delay Time 

(Vpp - 176 V, Ip = 2.0 A, 

Rgen = 80 ohms) 

td(on) 

— 

30 

ns 

Rise Time 

tr 

— 

35 

Turn-Off Delay Time 

td(off) 

— 

55 

Fall Time 



__ 

35 


SOURCE-DRAIN DIODE CHARACTERISTICS* 


Forward Turn-On Time 

(Is = Rated Ip(on). i 

Vgs = 0) 

VSD 

0.7 

1.4 

Vdc 

ton 

— 

Negligible 

ns 

Reverse Recovery Time 

trr 

— 

600 

ns 


*Pulse Test: Pulse Width =€ 300 fis, Duty Cycle 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


4-64 





2N6802 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdSS 

500 

Vdc 

Drain-Gate Voltage (Rqs = TO mfl) 

VdGR 

500 

Vdc 

Gate-Source Voltage 

Vqs 

±20 

Vdc 

Drain Current 



Adc 

Continuous 

•d 

3.5 


Pulsed 

>DM 

11 


Total Power Dissipation (g) Tq = 25°C 

pd 

25 

Watts 

Derate above 25°C 


0.2 

W/°C 

Operating and Storage 

Tj- Tstg 

-55 to 150 

X 

Temperature Range 



THERMAL CHARACTERISTICS 

Thermal Resistance Junction to Case 

R0JC 

5.0 

X/W 

Maximum Lead Temperature 

Tl 

300 

X 

1.6 mm from Case for 10 s 





ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic 


CASE 79-05, STYLE 6 
TO-39 (TO-205AF) 



3 Drain 



1 Source 


TMOS FET 
TRANSISTOR 

N-CHANNEL — ENHANCEMENT 


Symbol Min I Max J Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage (Vqs = 0, Iq = 0.25 mA) 

V(BR)DSS 

500 

_ 

Vdc 

Zero-Gate Voltage Drain Current 

Idss 



/xAdc 

(VdS ^ Rated VpsS' Vqs = 0) 


— 

250 


(Vps = 0.8 Rated Vpss^ Vqs = 0, Tj = 125X) 


— 

1000 


Gate-Body Leakage Current, Forward (Vqs = 20 Vdc, Vps = 0) ' 

'gssf 

— 

100 

nAdc 

Gate-Body Leakage Current, Reverse (Vqs = -20 Vdc, Vps = 0) * 

igssr 

— 

-100 

nAdc 


ON CHARACTERISTICS* 


Gate Threshold Voltage (Vps = VqS' ^D = 0.5 mA) 

VGS(th) 

2.0 

4.0 

Vdc 

Static Drain-Source On-Resistance 
(Vqs = 10 Vdc, Ip = 1-5 Adc) Ta = 125X 

XSIon) 



1.5 

3.5 

Ohms 

Drain-Source On-Voltage (Vqs = 10 V, Ip == 2.5 Adc) 

VDS(on) 

— 

3.75 

Vdc 

Forward Transconductance (Vps = 5.0 V, Ip = 1.5 Adc) 

gfs 

1.5 

4.5 

mhos 


DYNAMIC CHARACTERISTICS 


Input Capacitance 

(Vps = 25 V, Vgs = 0, 
f = 1.0 MHz) 

Qss 

350 

900 

PF 

Output Capacitance 

^oss 

25 

200 


Reverse Transfer Capacitance 

Crss 

15 

60 



SWITCHING CHARACTERISTICS* 


Turn-On Delay Time 

(Vpp - 225 V, Ip = 1.5 V, 

Rgen = ^0 ohms) 

td(on) 

— 

30 

ns 

Rise Time 

^ ' 

— 

30 

Turn-Off Delay Time 

td(off) 

— 

55 

Fall Time 

tf 

— 

30 


SOURCE-DRAIN DIODE CHARACTERISTICS* 




VSD 

0.7 

1.4 

Vdc 

Forward Turn-On Time 

dS = Rated Ip, 

ton 

— 

Negligible 

ns 

Reverse Recovery Time 

Vqs = 0) 

trr 

800 

— 

ns 


*Pulse Test: Pulse Width 300 fxs, Duty Cycle 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdSS 

60 

Vdc 

Drain-Gate Voltage 

VdGR 

60 

Vdc 

(RGS = 1 MCI) 




Gate-Source Voltage 

VgS 

±40 

Vdc 

Drain Current 



mAdc 

Continuous 

Id 

200 


Pulsed 

Idm 

500 


Total Power Dissipation @ Tc = 25°C 

pd 

400 

mW 

Derate above 25°C 


3.2 

mW/°C 

Operating and Storage 

Tj/ Tstg 

— 55 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Thermal Resistance Junction to Ambient 

R^ja 

312.5 

°C/W 

Maximum Lead Temperature for 

Soldering Purposes, 1/16" from case 
for 10 seconds 

Tl 

300 

°C 



ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max [ Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 

(Vgs = 0, Id = 10 M) 

V(BR)DSS 

60 

— 

Vdc 

Zero Gate Voltage Drain Current 

idss 




(Vds = 48 V, Vgs = o) 


— 

1.0 

fiAdic 

(Vds = 48 V, Vgs = O, Tj = 125X) 


— 

1.0 

mA 

Gate-Body Leakage Current, Forward 
(VqsF = ”15 Vdc, Vds = 0) 

igssf 

— 

-10 

nAdc 


ON CHARACTERISTICS* 


Gate Threshold Voltage 

(Vds = vgS' Id = “io 

VGS(th) 

0.8 

3.0 

Vdc 

Static Drain-Source On-Resistance 

i-DSIon) 



Ohm 

(Vgs = 10 Vdc, Id = 0.5 Adc) 


— 

5.0 


(Vgs = 10 Vdc, Id = 0.5 V, Tc = 125°C) 


— 

9.0 


Drain-Source On-Voltage 

VDS(on) 



Vdc 

(Vgs = 10 V, Id = 0.5 Adc) 


— 

2.5 


(Vgs ^ 4,5 V, Id = 75 mA) 


— 

0.4 


On-State Drain Current 

Id(on) 


— 

mA 

(Vgs = 4.5 V, Vds = 10 v) 





Forward Transconductance 

Qfs 

100 

— 

/u,mhos 

(Vds = 10 V, Id = 200 mA) 






DYNAMIC CHARACTERISTICS 


Input Capacitance 

(Vds = 25 V, Vgs = 0 
f = 1.0 MHz) 

Ciss 

— 

60 

pF 

Output Capacitance 

Coss 

— 

25 


Reverse Transfer Capacitance 

Crss 

— 

5.0 



SWITCHING CHARACTERISTICS* 


Turn-On Delay Time 

(Vdd = 15 V, Id = 600 mA 

fon 

— 

10 

ns 

Turn-Off Delay Time 

Rgen = 25 ohms, Rl = 25 ohms) 

loff 

— 

10 



(1) Pulse Test: Pulse Width 300 (jls, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdSS 

60 

Vdc 

Drain-Gate Voltage (Rqs = ^ Mfl) 

VdGR 

60 

Vdc 

Drain Current — Continuous Tq = 25°C(1) 

•d 

±115 

mA 

Tc = 100°C(1) 

'd 

±75 


— Pulsed(2) 

•dm 

±800 


Gate-Source Voltage 

VgS 

±40 

Vdc 

Total Power Dissipation Tq = 25°C 

Pd 

200 

mW 

Tc = 100°C 


80 


Derate above 25°C ambient 


0.16 

mW/X 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R6UA 

417 

X/W 

Junction and Storage Temperature 

Tj/ Tgtg 

-55 to +150 

X 


^FR-5 - 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


2N7002 


CASE 318-03 STYLE 21 
SOT-23 (TO-236AB) 



TRANSISTOR 

N-CHANNEL 


DEVICE MARKING 

2N7002 = 702 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Typ | Max | Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(Vgs ^ 0, Id = 10 )u,A) 

V(BR)DSS 

60 

— 

— 

Vdc 

Zero Gate Voltage Drain Current 

Idss 




^Adc 

(Vgs ^ 0 , vds = eo v) tj - 25X 


— 

— 

1.0 


Tj = 125X 


— 

— 

500 


Gate-Body Leakage Current Forward 

'gssf 

— 

— 

100 

nAdc 

(Vgs = 20 Vdc) 






Gate-Body Leakage Current Reverse 

igssr 

— 

— 

-100 

nAdc 

(Vgs -20 Vdc) 







(1) The Power Dissipation of the package may result in a lower continuous drain current. 

(2) Pulse Width ^ 300 fxs, Duty Cycle ^ 2.0%. 
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2N7002 


ELECTRICAL CHARACTERISTICS (continued) (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Typ | Max | Unit 


ON CHARACTERISTICS* 


Gate Threshold Voltage 
(VdS = VgS« Id = 250 fxA) 

VGS(th) 

1.0 

— 

2.5 

Vdc 

On-State Drain Current 

lD{on) 

500 

— 

— 

mA 

(Vds ^ 2.0 VDS(on)' VqS = 10 V) 






Static Drain-Source On-State Voltage 

VDSIon) 




Vdc 

(Vqs = 10 V, Id = 500 mA) 


— 

— 

3.75 


(Vqs = 5.0 V, Id = 50 mA) 


— 

— 

1.5 


Static Drain-Source On-State Resistance 

rDSIon) 




Ohms 

(Vqs = 10 V, Id = 500 mA) Jq = 25X 


— 

— 

7.5 


Tc = 100°C 


— 

— 

13.5 


(Vqs = 5.0 V, Id = 50 mA) Tc = 25°C 


— 

— 

7.5 


Tc = 100°C 


— 

— 

13.5 


Forward Transconductance 

gps 

80 

— 

— 

mmhos 

(Vds ^ 2.0 VDS(on)' Id = 200 mA) 







DYNAMIC CHARACTERISTICS 


Input Capacitance 

(Vds = 25 V, Vgs = O, f = I.O MHz) 

Cjss 

— 

— 

50 

PF 

Output Capacitance 
(Vds = 25 V, Vgs = o, f = i.o mhz) 

CqsS 

— 

— 

25 

pF 

Reverse Transfer Capacitance 
(Vds = 25 V, Vgs = o, f = i.o mhz) 

Crss 

1 

— 



5.0 

pF 


SWITCHING CHARACTERISTICS* 


Turn-On Delay Time 

(Vdd = 30 V, Id = 200 mA, 

td(on) 

__ 

— 

20 

ns 

Turn-Off Delay Time 

Rg = 25 a, rl = 150 a) 

td(off) i 

— 


20 

ns 


BODY-DRAIN DIODE RATINGS 


Diode Forward On-Voltage 
(Is = 11.5 mA, Vgs = 0 V) 

VSD 

— 

— 

-1.5 

V 

Source Current Continuous 
(Body Diode) 

Is 

— 

— 

-115 

mA 

Source Current Pulsed 

•SM 

— 

- 

-800 

mA 


*Pulse Test: Pulse Width ^ 300 fjLS, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdSS 

60 

Vdc 

Drain-Gate Voltage (Rqs = I Mfl) 

VdGR 

60 

Vdc 

Gate-Source Voltage "" 

VgS 

o 

+1 

Vdc 

Drain Current 



mAdc 

Continuous 

Id 

150 


Pulsed 

•dm 

1000 


Total Power Dissipation (wT/\ = 25°C 

Pd 

400 

mW 

Derate above 25°C 


3.2 

mW/°C 

Operating and Storage 

Tj. Tgtg 

- 55 to +150 

°c 

Temperature Range 




THERMAL CHARACTERISTICS 


Thermal Resistance Junction to Ambient 

P^JA 

312.5 

X/W 

Maximum Lead Temperature for 

Soldering Purposes, 1/16" from case 
for 10 seconds 

tl 

300 

X 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min | Max | Uni^ 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage ' 

(Vgs = 0, Id = 100 ^A) 

V(BR)DSS 

60 


Vdc 

Zero Gate Voltage Drain Current 1 

Idss 



/xAdc 

(Vds = 50 V, Vgs = o) i 



1.0 


(Vds = 50 V, Vgs = O, Tj = 125X) i 


— 

500 


Gate-Body Leakage Current, Forward 

igssf 

— 

-100 

nAdc 

(VgsF = 30 Vdc, Vds = 0) 






ON CHARACTERISTICS* 



Gate Threshold Voltage (Vds - ^gS/ Id = 250 /xA) 

VGS(th) 

1.0 

2.5 

Vdc 

Static Drain-Source On-Resistance 

''DS(on) 



Ohm 

(Vgs = 5.0 Vdc, Id = 50 Adc) 

— 

7.5 


(Vgs = 10 Vdc, Id = boo mAdc, Tc = 125X) j 


— 

13.5 


Drain-Source On-Voltage ^ 

VDS(on) 



Vdc 

(Vgs = 5.0 V, Id = bo mA) 


— 

1.5 


(Vgs = 10 V, Id = boo mA) 


— 

3.75 


On-State Drain Current 

iD(on) 

500 

— 

mA 

(Vgs = 10 V, Vos 2,0 Voioni) 




Forward Transconductance 

gfs 

80 

— 

/Limhos 

(Vds ^ 2.0 VDS(on)' Id = 200 mA) 






DYNAMIC CHARACTERISTICS 


Input Capacitance 

(Vds = 25 V, Vgs = o 
f = 1.0 MHz) 

Ciss 

— 

50 

PF 

Output Capacitance 

^oss 

— 

25 


Reverse Transfer Capacitance 

Crss 

- 

5.0 



SWITCHING CHARACTERISTICS* 


Turn-On Delay Time 

(Vdd = 30 V, Id = 200 mA 

ton 

— 

20 

ns 

Turn-Off Delay Time 

Rgen = 25 ohms, R(_ = 150 ohms) 

toff 

H 1 

20 



*Pulse Test: Pulse Width ^ 300 /xs, Duty Cycle 2.0%. 
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3N155 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

±35 

Vdc 

Drain-Gate Voltage 

VdG 

±50 

Vdc 

Gate-Source Voltage 

VgS 

±50 

Vdc 

Drain Current 

Id 

30 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

300 

mW 

Derate above 25°C 


2.0 

mW/X 

Junction Temperature Range 

TJ 

-65 to +175 

X 

Storage Channel Temperature Range 

I^StQ 

-65 to +175 

X 


CASE 20-03, STYLE 2 
TO-72 (TO-206AF) 


2 

Gate 


MOSFET 

SWITCHING 

P-CHANNEL — ENHANCEMENT 


Refer to 3N157 for graphs. 




ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ [ Max | Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage (Ip = -10 /xAdc, Vq = Vs = 0) 

V(BR)DSX 

-35 

— 

— 

Vdc 

Zero-Gate-Voltage Drain Current (Vps = -10 Vdc, Vqs = 0) 

Idss 


— 

-1.0 

nAdc 

(Vds = -10 Vdc, Vgs = 0, Ta = 125X) 


— 

— 

-1000 


Gate Reverse Current (Vqs = +50 Vdc, Vqs = 0) 

•gss 

— 

— 

+ 1000 

pAdc 

(Vgs = +25 Vdc, Vds = o) 


— 

— 

+ 10 


Resistance Drain Source (Ip = 0, Vgs - 0) 

''DS(off) 

1 X 10+10 

— 

— 

Ohms 

Resistance Gate Source Input (Vgs = -25 Vdc) 

Rgs 

— 

1 X 10 + 16 

— 

Ohms 

Gate Forward Leakage Current (Vgs = -50 Vdc, Vqs = 0) 

'G(f) 

— 



-1000 

pAdc 

(Vgs = -25 Vdc, Vds = o) 


— 

— 

-10 



ON CHARACTERISTICS 


Gate Threshold Voltage (Vds = -10 Vdc, Id = -10 /xAdc) 3N155 

VGS(Th) 

-1.5 

— 

-3.2 

Vdc 

Drain-Source On-Voltage (Id = -2.0 mAdc, Vgs = -10 Vdc) 

VDS(on) 

— 

— 

-1.0 

Vdc 

Static Drain-Source On Resistance (Id = 0 mAdc, Vgs = -10 Vdc) 

rDS(on) 

— 

— 

600 

Ohms 

On-State Drain Current (Vds = - 16 Vdc, Vgs = -10 Vdc) 

iD(on) 


- 

— 

mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source Resistance 
(Vgs = - 10 Vdc, Id = 0, f = 1.0 kHz) 

(Vgs = -15 Vdc, Id = 0, f = I.O kHz) 

''ds(on) 

- 

- 

400 

350 

Ohms 

Forward Transfer Admittance 
(Vds = - 1 5 Vdc, Id = - 2.0 mAdc, f = 1 .0 kHz) 

lyfsl 

1000 

— 

4000 

/xmhos 

Input Capacitance 

(Vds = - 15 Vdc, Vgs = - 10 Vdc, f = 140 kHz) 

Ciss 


— 

5.0 

PF 

Reverse Transfer Capacitance 

(Vds = 0, Vgs = o, f = i4o kHz) 

Crss 

— 


1.3 

PF 

Drain-Substrate Capacitance 
(Vd(SUB) = -lOVdc, f = 140 kHz) 

Cd(sub) 

— 

— 

4.0 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Delay 

(Vdd = -10 Vdc, iD(on) = -2 0 mAdc, 

VGS(on) = -10 Vdc, VGS(off) = 0) 

td 

— 

_ 

45 

AS 

Rise Time 

tr 

— 

— 

65 

ns 

Turn-Off Delay 

ts 

— 

— 

60 

ns 

Fall Time 

tf 

- 

- 

100 

ns 
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3N157 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage* 

VdS 

±35 

Vdc 

Drain-Gate Voltage* 

VdG 

±50 

Vdc 

Gate-Source Voltage* 

VgS 

±50 

Vdc 

Drain Current* 

Id 

30 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

300 

mW 

Derate above 25°C* 


1.7 

mW/X 

Junction Temperature Range* 

Tj 

-65 to +175 

°C 

Storage Channel Temperature Range* 

"^stg .. j 

- 65 to +175 



*JEDEC Registered Limits 


CASE 20-03, STYLE 2 
TO-72 (TO-206AF) 



MOSFET 

AMPLIFIER AND SWITCHING 

P-CHANNEL — ENHANCEMENT 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Typ Max Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage (Ip = -10 /juAdc, Vq = Vs = 0) 

V(BR)DSX 

-35 

— 

— 

Vdc 

Zero-Gate-Voltage Drain Current (Vps = -15 Vdc, Vqs = 0) 

Idss 

— 

— 

-1.0 

nAdc 

(Vds = -35 Vdc, Vgs = 0) 


— 

— 

-10 

^Adc 

Gate Reverse Current* (Vqs = +25 Vdc, Vqs = 0) 

igss 

— 

— 

+ 10 

pAdc 

(Vqs = +50 Vdc, Vds = 0) 


— 

— 

+ 10 

nAdc 

Input Resistance (Vqs = -25 Vdc) 

Rgs 

— 

1 X 10+''2 

_ 

Ohms 

Gate Source Voltage* 

Vgs 




Vdc 

(Vds = -15 Vdc, Id = - 0.5 mAdc) 3N157 


-1.5 

— 

-5.5 


Gate Forward Current* (Vqs = -25 Vdc, Vds = 0) 

lG(f) 


— 

-10 

pAdc 

(Vgs = -50 Vdc, Vds = o) 


— 

— 

-1.0 

nAdc 

(Vgs = -25 Vdc, Vds = 0 , ta = +55°c) 


— 

— 

-10 

nAdc 

(Vgs = -50 Vdc, Vds = 0 , Ta = +55°c) 


— 

— 

-1.0 

/liAdc 


ON CHARACTERISTICS 



Gate Threshold Voltage* 

(Vds = -15 Vdc, Id = -lO/nAdc) 3N157 

VGS(Th) 

-1.5 

- 

-3.2 

Vdc 

On-State Drain Current* 

(Vds = -15 Vdc, Vgs = -lovdc) 

iD(on) 

i 

-5.0 

— 

— 

mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance* 

(Vds = - 1 5 Vdc, Id = - 2.0 mAdc, f = 1 .0 kHz) 

lYfsl 

1000 

— 

4000 

Amhos 

Output Admittance* 

(Vds = - 1 5 Vdc, Id = - 2.0 mAdc, f = 1 .0 kHz) 

IVosI 

— 

— 

60 

jLimhos 

Input Capacitance* 

(Vds = -15 Vdc, Vgs = 0 , f = 140 kHz) 

Ciss 

— 


5.0 

PF 

Reverse Transfer Capacitance* 

(Vds = - 15 Vdc, Vgs = 0 , f = 140 kHz) 

Crss 

— 

— 

1.3 

PF 

Drain-Substrate Capacitance 
(Vd(SUB) = -10 Vdc, f = 140 kHz) 

Cd(sub) 

— 

— 

4.0 

pF 

Noise Voltage 
(RS = 0, BW = 1.0 Hz, 

Vds = -15 Vdc, Id = - 2.0 mAdc, f = 100 Hz) 

(RS = 0, BW = 1.0 Hz, 

Vds = -15 Vdc, Id = - 2.0 mAdc, f = 1.0 kHz) 

©n 

- 

300 

120 

500 

NV/VHz 


*JEDEC Registered Limits 
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% CHANGE IN IVfsl Ivfsl - FORWARD TRANSFER ADMITTANCE (^mhos) 


3N1 


FIGURE 1 - FORWARD TRANSCONDUCTANCE 



FIGURE 3 ~ FORWARD TRANSCONDUCTANCE 
versus TEMPERATURE 



FIGURE 5 - "ON" DRAIN-SOURCE VOLTAGE 



Vgs, gate-source voltage (VOLTS) 


MOTOROLA SMALL-SIGNAL TRA 


4 -- 


Id, drain CURRENT (mA) IVosl , OUTPUT CONDUCTANCE (nm\\o%) 


FIGURE 2 - OUTPUT TRANSCONDUCTANCE 



FIGURE 4 -BIAS CURVE 




FIGURE 6 - EQUIVALENT INPUT NOISE VOLTAGE 



FETs AND DIODES 







td2, TURN-OFF DELAY TIME (ns) tji, TURN-ON DELAY TIME (ns) 


3N157 


SWITCHING CHARACTERISTICS 

(Ta = 250C) 

FIGURE 7 - TURN-ON DELAY TIME 


FIGURE 8 -RISE TIME 



-0.5 -1.0 -2.0 -5.0 -10 

Id, DRAIN CURRENT (mA) 


FIGURE 9 - TURN-OFF DELAY TIME 



-0.5 -1.0 -2.0 -5.0 -10 


Id. DRAIN CURRENT (mA) 




-0.5 -1.0 -2.0 -5.0 -10 

Id, DRAIN CURRENT (mA) 


FIGURE 11 - SWITCHING CIRCUIT and WAVEFORMS 



FIGURE 12 - SWITCHING CIRCUIT with MOSFET 
EQUIVALENT MODEL 

-VOD < 


: rd 


rg 

>— AAAr- 


1: 


L-pCgs 


Crss 




-O VdS 


Cd(sub) 


The switching characteristics shown above were measured 
in a test circuit similar to Figure 11. At the beginning of the 
switching interval, the gate voltage is at ground and the gate 
source capacitance (Cgs • Cpss * ^rss) has no charge. The drain 
voltage is at Vdd and thus the feedback capacitance (Crss) 's 
charged to Vdd- Similarly, the drain substrate capacitance 
(Cd(sub)) 's charged to Vdd since the substrate and source are 
connected to ground. 

During the turn-on interval Cgs is charged to Vqs (the input 
voltage) through Rq (generator impedance) (Figure 12). Crss 
must be discharged to Vqs * YD(on) through Rq and the par- 
allel combination of the load resistor (Rd) and the channel 
resistance (rds)- In addition, CcJ(sub) 's discharged to a low 
value (VD(on)) through Rd in parallel with r^s- During turn-off 
this charge flow is reversed. 

Predicting turn-on time proves to be somewhat difficult since 
the channel resistance (r^s) is a function of the gate source 
voltage (Vqs)- As Cgs becomes charged Vqs is approaching 
Vjn and r^s decreases (see Figure 5) and since Crss ^nd Cd(sub) 
are charged through r^s, turn-on time is quite non-linear. 

If the charging time of Cgs is short compared to that of Crss 
and Ccj(sub)' then rds (which is in parallel with Rd) will be low 
compared to Rd during the switching interval and will largely 
determine the turn-on time. On the other hand, during turn- 
off rds '^'11 almost an open circuit requiring Crss ®tid Cd(sub) 
to be charged through Rd and resulting in a turn-off time that 
is long compared to the turn-on time. This is especially no- 
ticeable for the curves where Rq • 0 and Cgs is charged through 
the pulse generator impedance only. 

The switching curves shown with Rq • Rd simulate the 
switching behavior of cascaded stages where the driving 
source impedance is normally the same as the load impedance. 
The set of curves with Rq'O simulates a low source impedance 
drive such as might occur in complementary logic circuits. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

25 

Vdc 

Drain-Gate Voltage 

VdG 

±35 

Vdc 

Gate-Source Voltage 

VgS 

±35 

Vdc 

Drain Current 

Id 

30 

mAdc 

Total Device Dissipation @ = 25°C 

Pd 

300 

mW 

Derate above 25°C 


1.7 

mW/°C 

Total Device Dissipation @ Tq = 25°C 

Pd 

800 

mW 

Derate above 25°C 


4.56 

mW/X 

Junction Temperature Range 

Tj 

175 

X 

Storage Temperature Range 

^stg 

-65 to +175 

X 


3N169 

thru 

3N171 

CASE 20-03, STYLE 2 
TO-72 (TO-206AF) 



SWITCHING 

N-CHANNEL — ENHANCEMENT 


Refer to 2N4351 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Max | Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(Id = 10 /xAdc, Vqs = 0) 

V(BR)DSX 

25 

— 

Vdc 

Zero-Gate-Voltage Drain Current 

idss 




(Vds = 10 Vdc, Vqs = 0) 


— 

10 

nAdc 

(Vds = 10 Vdc, Vqs = 0, Ta = 125X) 


— 

1.0 

/liAdc 

Gate Reverse Current 

Igss 



pAdc 

(Vqs = -35 Vdc, Vds = 0 ) 


— 

10 


(Vgs = -35 Vdc, Vds = 0, Ta = 125X) 


— 

100 



ON CHARACTERISTICS 


Gate Threshold Voltage 
(Vds = 10 Vdc, Id = 10 tiAdc) 

3N169 

3N170 

3N171 

VGS(Th) 

0.5 

1.0 

1.5 

1.5 

2.0 

3.0 

Vdc 

Drain-Source On-Voltage 

(Id = 10 mAdc, Vqs = 10 Vdc) 


VDS(on) 

— 

2.0 

Vdc 

On-State Drain Current 
(Vgs = 10 Vdc, Vds = io vdc) 


iD(on) 

10 

— 

mAdc 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source Resistance 
(Vgs = 10 Vdc, Id = 0, f = I.O kHz) 

'■ds(on) 

— 

200 

Ohms 

Forward Transfer Admittance 
(Vds = 10 Vdc, Id = 2.0 mAdc, f = 1.0 kHz) 

IVfsl 

1000 

— 

jumhos 

Input Capacitance 

(Vds = 10 Vdc, Vgs = o, f = i.o mhz) 

Ciss 

— 

5.0 

PF 

Reverse Transfer Capacitance 
(Vds = 0, Vgs = o, f = i.o mhz) 

Crss 

— 

1.3 

PF 

Drain-Substrate Capacitance 
(Vd(SUB) = 10 Vdc, f = 1.0 MHz) 

Cd(sub) 

— 

5.0 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Delay Time 

(Vdd = 10 Vdc, iD(on) = 10 mAdc, 

VGS(on) = 10 Vdc, VGS(off) = 0, 

Rg' = 50 Ohms) 

See Figure 1 

1d(on) 

— 

3.0 

ns 

Rise Time 

tr 

— 

10 

ns 

Turn-Off Delay Time 

Id (off) 

_ 

3.0 

ns 

Fall Time 

If 

— 

15 

ns 
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3N169 thru 3N171 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 


INPUT 
(SCOPE A) 


td(off)- 


OUTPUT 

(SCOPE B) 
INPUT PULSE: 
tr < 0.33 ns 
tf < 0.33 ns 
PW = 0.4ms 
Duty Cycle < 1 .0 


/■ 


— VGS(on) 


t.907o J 





n 

tf 

1 



[90% 1 



td(on) 

tr 


VOD 
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BF244, A, B, C . 


CASE 29-04, STYLE 22 ^ ^ 
TO-92 (TO-226AA) 

1 Source 

BF245, A, B, C 

3 Dram 

d\ 

CASE 29-04, STYLE 23 

TO-92 (T0-226AA) 

2 Source 



^3 


JFET 

VHF/UHF AMPLIFIERS 


N-CHANNEL- DEPLETION 



Refer to 2N4416 for graphs. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

vds 

±30 

Vdc 

Drain-Gate Voltage 

VdG 

30 

Vdc 

Gate-Source Voltage 

vgs 

30 

Vdc 

Drain Current 

Id 

100 

mAdc 

Forward Gate Current 

lG(f) 

10 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

360 

mW 

Derate above 25°C 


2.88 

mW/°C 

Storage Channel Temperature Range 

Tstq 

-65 to ±150 

°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit | 

OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(IG = 1.0 liAdc, VdS = 0) 

V(BR)GSS 

30 

— 

— 

V 

Gate-Source 

Vgs 




V 

(VdS = 15 Vdc, Id = 200 liA) BF245(1), BF244(2) 


0.4 

— 

7.5 


BF245A, BF244A 


0.4 

— 

2.2 


BF245B, BF244B 


1 .6 

— 

3.8 


BF245C, BF244C 


3.2 

— 

7.5 


Gate-Source Cutoff Voltage 

VGS(off) 




V 

(VdS = 15 Vdc, Id = 10 nA) 


-0.5 

— 

-8 


Gate Reverse Current 

IGSS 




nA 

(Vgs = 20 Vdc, Vds = 0) 


— 

— 

5 



ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current 



IDSS 




mA 

(Vds = 15 Vdc, Vgs = o) 

BF245(1), 

BF244{2) 


2 


25 



BF245A, 

BF244A 


2 


6.5 



BF245B, 

BF244B 


6 


1 5 



BF245C, 

BF244C 


1 2 


25 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 

(Vds = 15 Vdc, Vgs = o, f = i khz) 

lYfsl 

3.0 


6.5 

mmhos 

Output Admittance 

(Vds = 15 Vdc, Vgs = o, f = i khz) 

lYosI 


40 


lamhos 

Forward Transfer Admittance 
(Vds = 15 Vdc, Vgs = o, f = 200 mhz) 

lYfsl 


5.6 


mmhos 

Reverse Transfer Admittance 
(Vds = 15 Vdc, Vgs = 0, f = 200 mhz) 

lYrsI 


1.0 


mmhos 

Input Capacitance 
(Vds = 20 Vdc, - Vgs = 1 vdc) 

Ciss 


3 


PF 

Reverse Transfer Capacitance 
(Vds = 20 Vdc, -Vgs = 1 vdc, f = 1 mhz) 

Crss 


0.7 


PF 

Output Capacitance 

(Vds = 20 Vdc, -Vgs = 1 vdc, f = 1 mhz) 

Coss 


0.9 


pF 

Noise Figure 

(Vds = 15 Vdc, Vgs = 0 , rg = 1 kq, f = 100 mhz) 

nf 


1.5 


db 

Cut-off Frequency(3) 

(Vds = 15 Vdc, vgs = 0) 

F(Yfs) 


700 


MHz 


(1 ) On orders against the BF245, any or all subgroups might be shipped. 

(2) On orders against the BF244, any or all subgroups might be shipped. 

(3) The frequency at which gfs is 0.7 of its value at 1 KHz. 
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MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit | 

OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(IG = 1 ^A, VdS = 0) 

V(BR)GSS 

25 





V 

Gate-Source 

vgs 




V 

(VdS = 15 V, Id - 200 nA) BF246, BF247 


-0.5 

— 

-14 


BF246A, BF247A 


-1.5 

— 

-4 


BF246B, BF247B 


-3 

— 

-7 


BF246C, BF247C 


-5.5 

— 

-12 


Gate-Source Cutoff Voltage 

VGS(off) 




V 

(Vds = 15 V, Id = 10 nA) 


0.6 

— 

14.5 


Gate Cutoff Current 

IGSS 




nA 

(Vgs = 15V, Vds = 0) 


— 

— 

5 



ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current 
(VdS = 15 V, Vgs = 0) BF246, BF247 

BF246A, BF247A 
BF246B, BF247B 

BF246C, BF247C 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 15 V, Id = 10 mA, f = 1 kHz) 

lYfsl 

8 

23 


mmhos 

Reverse Transfer Capacitance 
(Vds = 15 V, Id = 10 mA, f - 1 kHz) 

Crss 


3.3 


PF 

Input Capacitance 

(Vds = 15 V, Id = 10 mA, f = 1 MHz) 

Cin 


6 


PF 

Output Capacitance 
(Vds = 15 V, Id = 10 mA, f = 1 MHz) 

Cout 


5 


pF 

Cutoff Frequency 

(Vds = 15 V, Vgs = o) 

f(Yfs) 


450 


MHz 


loss 


30 
30 
60 
1 10 


250 

80 

140 

250 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

Vds 

±25 

Vdc 

Drain-Gate Voltage 

vdg 

25 

Vdc 

Gate-Source Voltage 

Vgs 

25 

Vdc 

Drain Current 

Id 

100 

mAdc 

Forward Gate Current 

lG{f) 

10 

mAdc 

Total Device Dissipation @ Ta = 25°C 

pd 

360 

mW 

Derate above 25°C 


2.88 

mW/°C 

Storage Channel Temperature Range 

Tstg 

- 65 to ±150 

°C 


BF246,A, B, C r 

CASE 29-04, STYLE 22 
TO-92 (TO-226AA) 1 sou, 


BF247, A, B, C 

CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 





JFETs 
SWITCHING 

N-CHANNEL - DEPLETION 
Refer to MPF4391 for graphs. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Dram-Source Voltage 

VdS 

±30 

Vdc 

Drain-Gate Voltage 

VdG 

30 

Vdc 

Gate-Source Voltage 

vgs 

30 

Vdc 

Drain Current 

Id 

100 

mAdc 

Forward Gate Current 

lG(f| 

10 

mAdc 

Total Device Dissipation @Ta = 25°C 
Derate above 25°C 

Pd 

360 

2.88 

mW 

mW/°C 

Storage Channel Temperature Range 

Tstg 

-65 to ±150 

°C 


BF256, B, C 


CASE 29-04, STYLE 23 
TO-92 (TO-226AA) 



2 Source 


JFET 

VHF/UHF AMPLIFIERS 

N-CHANNEL- DEPLETION 


Refer to 2N4416 for graphs. 


ELECTRICAL CHARACTERISTICS {Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit ~| 

OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(IG = 1.0 laAdc, VdS = 0 ) 

V(BR)GSS 

30 

— 

— 

Vdc 

Gate-Source Voltage 
(VdS = 15 Vdc, Id = 200 ^A) 

VGS(off) 

-0.5 

— 

-7.5 

Vdc 

Gate Reverse Current 

(Vgs = 20 Vdc, Vds = 0) 

IGSS 

— 

— 

5 

nAdc 


ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current) 

idss 




mAdc 

(Vds = 15 Vdc, Vgs = 0) bf256{1) 


3 

— 

18 


BF256B 


6 

— 

13 


BF256C 


1 1 

— 

18 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 15 Vdc, Vgs ^ O, f = 1 kHz) 

lYfsl 

4.5 

5 

— 

mmhos 

Reverse Transfer Capacitance 
(Vds = 20 Vdc, -Vgs = ivdc, f = i mhz) 

Crss 

— 

0.7 

— 

PF 

Output Capacitance 
(Vds = 20 Vdc, Vgs = o, f = i mhz) 

Ooss 

— 

1.0 

— 

PF 

Noise Figure 

(Vds = 10 Vdc, Rs = 47Q, f = 800 MHz) 

Nf 

— 

7.5 

— 

db 

Cut-off Frequency(2) 

(Vds = 15 Vdc, Vgs = o) 

fgfs 

— 

1000 

— 

MHz 

Power Gain 

(Vds = 15 Vdc, Rs = 47 Q, f =800 MHz) 

Gp 


1 1 

— 

dB 


(1 ) On orders against the BF256, any or all subgroups might be shipped. 

(2) The frequency at which gfs is 0.7 of its value at 1 kHz. 



MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


4-79 





MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

25 

Vdc 

Gate-Source Voltage 

Vqs 

25 

Vdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 

1.8 

mW/X 


Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25X 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj/ Tgtq 

- 55 to -1-150 

X 


*FR-5 = 1.0 x 0.75 x 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


I BFR30L = Ml; BFR31L = M2 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max I Unit 


OFF CHARACTERISTICS 


Gate Reverse Current 

(Vqs = 10 Vdc, Vds = 0) 

'GSS 

— 

0.2 

nAdc 

Gate Source Cutoff Voltage 


VGS(off) 



Vdc 

(Id = 0.5 nAdc, Vds = 10 Vdc) 

BFR30L 


— 

5.0 



BFR31L 


— 

2.5 


Gate Source Voltage 


Vqs 



Vdc 

(Id - 1.0 mAdc, Vds = 10 Vdc) 

BFR30L 


-0.7 

-3.0 



BFR31L 


— 

-1.3 


(Id = 50 fiAdc, Vds = 10 Vdc) 

BFR30L 


— 

-4.0 



BFR31L 


— 

-2.0 



ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 


Idss 



mAdc 

(Vds = 10 Vdc, Vqs = 0) 

BFR30L 


4.0 

10 



BFR31L 

1 

1.0 

5.0 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Id = 1.0 mAdc, Vds = 10 Vdc, f = 1.0 kHz) 

(Id = 200 /xAdc, Vds = 10 Vdc, f = 1.0 kHz) 

BFR30L 

BFR31L 

BFR30L 

BFR31L 

lYfsl 

1.0 

1.5 

0.5 

0.75 

4.0 

4.5 

mAdc 

Output Admittance 


IVosI 



)LtAdc 

(Id = 1.0 mAdc, Vds = 10 Vdc, f = 1.0 kHz) 

BFR31L 


40 

25 


(Id = 200 AAdc, Vds = 10 Vdc) 

BFR31L 


20 

15 


Input Capacitance 


Ciss 



PF 

(Id = 1.0 mAdc, Vds = 10 Vdc, f = 1.0 MHz) 



— 

5.0 


(Id = 200 AtAdc, Vds = 10 Vdc, f = 1.0 MHz) 



— 

4.0 


Reverse Transfer Capacitance 


^rss 



pF 

(Id = 1.0 mAdc, Vds = 10 Vdc, f = 1.0 MHz) 



— 

1.5 


(Id = 200 ixAdc, Vds = 10 Vdc, f = 1.0 MHz) 



— 

1.5 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

200 

Vdc 

Gate-Source Voltage 

VgS 

±20 

Vdc 

Drain Current 




Continuous(l) 

Id 

250 

mAdc 

Pulsed(2) 

'dm 

500 


Total Device Dissipation @ Tq = 25°C 

Pd 

0.6 

Watts 

Derate above 25°C 




Operating and Storage Junction 

Tj' Tstg 

I 

— 55 to 1 50 

°C 

Temperature Range 




(1) The Power Dissipation of the package may result in a lower continuous drain 
current. 

(2) Pulse Width 300 ixs, Duty Cycle 2.0%. 


BS107, A 


CASE 29-04, STYLE 30 
TO-92 (TO-226AA) 



TMOS 

SWITCHING 

N-CHANNEL — ENHANCEMENT 


Refer to MFE9200 for graphs. 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max \ Unit 


OFF CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vds = 130 V, Vgs = 0) 

'dss 


— 

30 

nAdc 

Drain-Source Breakdown Voltage 

(Vgs = 0, Id = 100 /aA) 

V(BR)DSX 

200 

— 

— 

Vdc 

Gate Reverse Current 
(Vgs = 15 Vdc, Vds = o) 

'gss 

— 

0.01 

10 

nAdc 


ON CHARACTERISTICS* 


Gate Threshold Voltage 
(Id = 1-0 mA, Vds = Vgs) 

VGS(Th) 

1.0 

— 

3.0 

Vdc 

Static Drain-Source On Resistance 

'■DS(on) 




Ohms 

BS107 






(Vgs - 2.6 V, Id = 20 mA) 






(Vgs = 10 V, Id = 200 mA) 


— 

— 

28 


BS107A 


— 

— 

14 


(Vgs = 10 Vdc) 






(Id = 100 mA) 


— 

4.5 

6.0 


(Id = 250 mA) 


H 1 

4.8 

6.4 



SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 

(Vds = 25 V, Vgs = 0, f = 1.0 mhz) 

Ciss 

— 

60 

— 

PF 

Reverse Transfer Capacitance 
(Vds = 25 V, Vgs = 0, f = 1.0 mhz) 

Crss 

— 

6.0 

— 

pF 

Output Capacitance 

(Vds = 25 V, Vgs = 0, f = 1.0 mhz) 

Coss 

— 

30 

— 

pF 

Forward Transconductance 
(Vds = 25 V, Id = 250 mA) 

gfs 

200 

400 

_ 

mmhos 


SWITCHING CHARACTERISTICS 


Turn-On Time 

Ion 

— 

6.0 

15 

ns 

Turn-Off Time 

toff 

— 

12 

15 

ns 


*Pulse Test: Pulse Width ^ 300 /as. Duty Cycle ^ 2.0%. 
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BS170 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

Vds 

60 

Vdc 

Gate-Source Voltage 

VqS 

±20 

Vdc 

Drain Current! 1) 

•d 

0.5 

Adc 

Total Device Dissipation (a Tc = 25°C 

Pd 

0.83 

Watt 

Operating and Storage Junction 
Temperature Range 

Tjf Tstg 

- 55 to +150 

X 


(1) The Power Dissipation of the package may result in a lower continuous drain 
current. 


CASE 29-04, STYLE 30 
TO-92 (TO-226AA) 

1 Drain 


3 Source 

TMOS FET 
SWITCHING 

N-CHANNEL — ENHANCEMENT 




ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Typ I Max I Unit 


OFF CHARACTERISTICS 


Gate Reverse Current 

ivqs = 15 V, Vds = 0) 

'gss 

— 

0.01 

10 

nAdc 

Drain-Source Breakdown Voltage 
(VgS = 0, Id - 100 ^lA) 

V(BR)DSS 

60 

90 

— 

Vdc 


ON CHARACTERISTICS(2) 



Gate Threshold Voltage 

(Vds = Vqs- Id = i o 

VGS(Th) 

0.8 

2.0 

3.0 

Vdc 

Static Drain-Source On Resistance 
(VqS = 10 V, Id = 200 mA) 

''DS(on) 

— 

1.8 

5.0 

Ohms 

Drain Cutoff Current 
(Vds = 25 V, Vgs = o v) 

iD(off) 


— 

0.5 

mA 

Forward Transconductance 

(Vds = 10 V, Id = 250 mA) 

gfs 

— 

200 

1 

mmhos 


SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 

O^iss 

— 

60 

— 

PF 

(Vds = 10 V, Vgs = 0, f = 1.0 mhz) 







SWITCHING CHARACTERISTICS 


Turn-On Time 
(Id = 0.2 A) See Figure 1 

Ion 

— 

4.0 

10 

ns 

Turn-Off Time 
(Id = 0.2 A) See Figure 1 

toff 

— 

4.0 

10 

ns 


(2) Pulse Test: Pulse Width 300 /xs, Duty Cycle ^ 2.0%. 
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iD(on), drain current iAMPSi Vcsith). THRESHOLD VOLTAGE 


BS170 


RESISTIVE SWITCHING 


FIGURE 1 — SWITCHING TEST CIRCUIT FIGURE 2 — SWITCHING WAVEFORMS 


+ 25 V 



FIGURE 3 — VGS(th) NORMALIZED versus TEMPERATURE 















VdS 

VgS 







Id 

0 mA 











■ — ^ 











- — J 





































50 0 50 100 150 1 C' 

Tj, JUNCTION TEMPERATURE 


FIGURE 4 — ON-REGION CHARACTERISTICS 




FIGURE 5 — OUTPUT CHARACTERISTICS 

20 

1 6 

1.2 

08 

04 

0 10 20 30 40 

Vqs, DRAIN-TO-SOURCE voltage iVOLTSi 



FIGURE 6 — CAPACITANCE versus DRAIN-TO-SOURCE VOLTAGE 



0 10 20 30 40 50 60 

Vqs. DRAIN-TO-SOURCE voltage (VOLTS) 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

±VdS 

40 

V 

Drain-Gate Voltage 

VdG 

40 

V 

Gate-Source Voltage 

VgS 

40 

V 

Forward Gate Current 

lG(f) 

50 

mA 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tjf Tstg 

— 55 to -1-150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


BSR56L = M4; BSR57L = M5; BSR58L = M6 


BSR56L 

thru 

BSR58L 

CASE 318-03, STYLE 10 
SOT-23 (TO-236AB) 


2 Source 



1 Drain 


JFET 

SWITCHING 

TRANSISTORS 

N-CHANNEL 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min [ Max [ Unit 


OFF CHARACTERISTICS 



MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


4-84 











MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdSS 

200 

Vdc 

Gate-Source Voltage 

Vqs 

±20 

Vdc 

Drain Current — Continuous (1) 

Id 

400 

mAdc 

— Pulsed (2) 

'dm 

800 


Total Power Dissipation @ Ta = 25°C 

pd 

0.6 

Watts 

Derate above 25°C 


4.8 

mW/X 

Operating and Storage 

Tjr Tstg 

-55 to 150 

X 

Temperature Range 



Thermal Resistance Junction to Ambient 

^JA 

208 

X/W 


BSS89 

CASE 29-04, STYLE 7 
TO-92 (TO-226AA) 



TMOS FET 
TRANSISTOR 

N-CHANNEL — ENHANCEMENT 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Typ | Max [ Uni7 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage (Vqs = 0/ Id = 0-5 niA) 

V(BR)DSS 

200 

— 

— 

Vdc 

Zero Gate Voltage Drain Current 

(Vds = 200 V, Vqs = 0) 

idss 

— 

0.1 

60 

IxAdc 

Gate-Body Leakage Current 
(Vqs = 20 V, Vds = o) 

•gss 


0.01 

100 

nAdc 


ON CHARACTERISTICS* 


Gate Threshold Voltage (Ip = 10 mA, Vqs = Vqs) 

VGS(th) 

1.0 

— 

2.7 

Vdc 

Drain-Source On-Voltage (Vqs = 10 V) 

VDS(on) 




Vdc 

(Id = 100 mA) 


— 

0.45 

0.6 


(Id = 300 mA) 


— 

1.2 

1.8 


(Id = 500 mA) 


— 

3.0 

— 


On-State Drain Current 

iD(on) 

500 

700 

— 

mA 

(Vds = 25 V, Vqs = 10 V) 





Static Drain-Source On-Resistance (Vqs = 10 Vdc) 

''DS(on) 




Ohms 

(Id = 150 mA) 

— 

4.5 

6.0 


(Id - 300 mA) 


— 

— 

6.0 


(Id = 500 mA) 


— 

6.0 

— 


Forward Transconductance (Vps = 25 V, Ip = 300 mA) 

9fs 

140 

400 

— 

mmhos 


DYNAMIC CHARACTERISTICS 


Input Capacitance 

(Vps = 25 V, Vqs = 0, f = 1.0 MHz) 

Ciss 

— 

72 

— 

pF 

Output Capacitance 
(Vds = 25 V, Vqs = 0, f = 1.0 MHz) 

C^oss 

— 

15 

— 

pF 

Reverse Transfer Capacitance 
(Vds = 25 V, Vqs = 0, f = 1.0 MHz) 

Crss 

— 

2.8 

— 

pF 


SWITCHING CHARACTERISTICS* 


Turn-On Time (See Figure 1) 

Ion 

— z — 1 

6.0 

— 

ns 

Turn-Off Time (See Figure 1) 

toff 

_ 

12 

— 

ns 


(1) The Power Dissipation of the package may result in a lower continuous drain current, 

(2) Pulse Width ^ 300 /xs, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdSS 

100 

Vdc 

Gate-Source Voltage 

VgS 

±35 

Vdc 

Drain Current 



Adc 

Continuous (1) 

Id 

0.17 


Pulsed (2) 

'dm 

0.68 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 




Derate above 25°C 


1.8 

mwrc 

Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 




Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tjr Tstg 

- 55 to +150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


BSS123L = 5A 


BSS123L 

CASE 318-03, STYLE 21 
SOT-23 (TO-236AB) 



TMOS FET 
TRANSISTOR 


N-CHANNEL 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Typ | Max | Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(Vqs = 0, Id = 250 ^lA) 

V(BR)DSS 

100 

— 

— 

Vdc 

Zero Gate Voltage Drain Current 

'DSS 




)U.Adc 

(Vqs = 0, Vds = 100 V) Tj = 25X 


— 

— 

15 


Tj = 125X 


— 

— 

60 


Gate-Body Leakage Current 

'GSS 

— 

— 

50 

nAdc 

(Vqs = 20 Vdc, Vds = 0) 







ON CHARACTERISTICS* 


Gate Threshold Voltage 
(Vds = VqS/ Id = 'I-O niA) 

VGS(th) 

0.8 

— 

2.8 

Vdc 

Static Drain-Source On-Resistance 
(VqS = 10 Vdc, Id = 100 mA) 

XSIon) 

— 

5.0 

6.0 

Ohms 

Forward Transconductance 
(Vds = 25 V, Id = 100 mA) 

9fs 

80 

— 

— 

mmhos 


DYNAMIC CHARACTERISTICS 


Input Capacitance 

(Vds = 25 V, Vqs = 0, f = 1.0 MHz) 

Ciss 

— 

20 

— 

pF 

Output Capacitance 
(Vds = 25 V, Vqs = 0, f = 1.0 MHz) 

^oss 

— 

9.0 

— 

PF 

Reverse Transfer Capacitance 
(Vds = 25 V. Vqs = 0, f = 1.0 MHz) 

(-rss 

— 

4.0 

— 

pF 


SWITCHING CHARACTERISTICS* 


Turn-On Delay Time 

(Vcc = 30 V, Ic = 0.28 A, 

td(on) 

— 

20 

— 

ns 

Turn-Off Delay Time 

Vqs = 10 V, Rgs = 50 ft) 

td(off) 

— 

40 

— 

ns 


REVERSE DIODE 


Diode Forward On-Voltage 

VSD 

— 

_ 

1.3 

V 

(Id = 0.34 A, Vqs = 0 V) 







(1) The Power Dissipation of the package may result in a lower continuous drain current. 

(2) Pulse Width 300 jus, Duty Cycle ^ 2.0%. 

*Pulse Test: Pulse Width ^ 300 fis, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

IRFDIZO 

IRFD1Z3 

Unit 

Drain-Source Voltage 

VdSS 

100 

60 

Vdc 

Drain-Gate Voltage (Rqs = 20 kfl) 

VdGR 

100 

60 

Vdc 

Gate-Source Voltage 

vgs 

± 

20 

Vdc 

Drain Current 




Adc 

Continuous Tq = 25°C 

Id 

0.5 

0.4 


Pulsed 

idm 

4.0 

3.2 


Total Power Dissipation 

Pd 




@ Tc = 25°C 

1 

1.0 

Watts 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage 

Tj/ Tgtg 

- 55 to -1-150 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Thermal Resistance Junction to 
Ambient (Free Air Operation) 

R^ja 

120 

°C/W 


IRFDIZO 

IRFD1Z3 

FET DIP 

CASE 370-01, STYLE 1 


1 Drain 



3 Source 


TMOS FET 
TRANSISTORS 

N-CHANNEL — ENHANCEMENT 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic 


Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 

IRFDIZO 

V(BR)DSS 

100 

— 

— 

Vdc 

(Vqs = 0, Id = 250 (jik) 

IRFD1Z3 

60 

— 

— 


Zero Gate Voltage Drain Current (Vdss = Rated VpsS' ^GS = 0 V) 

'dss 

— 

— 

250 

^tAdc 

Gate-Body Leakage Current, Forward (Vqsf = 

20 V) 

igssf 

— 

— 

500 

nAdc 

Gate-Body Leakage Current, Reverse (Vqsr = 

20 V) 

Igssr 

— 

— 

500 

nAdc 

ON CHARACTERISTICS 

Gate Threshold Voltage 


VGS(th) 

2.0 

_ 

4.0 

Vdc 

(Id = 250 fiK Vds = Vqs) 






Static Drain-Source On-Resistance(l) 

IRFDIZO 

rDS(on) 

— 

— 

3.4 

Ohms 

(Vqs = 10 Vdc, Id = 0.25 A) 

IRFD1Z3 

— 


3.2 


On-State Drain Current(l) 


iD(on) 




Adc 

(Vqs = lov, Vds = 5.ov) 

IRFDIZO 

0.5 

— 

— 



IRFD1Z3 


0.4 

— 

— 


Forward Transconductance(l) 


gfs 

0.25 

— 



mhos 

(Id = 0.25 A, Vds = s.o v) 








CAPACITANCE 


Input Capacitance 

(Vds = 25 V, Vqs = 0 
f - 1.0 MHz) 

^iss 

— 

— 

70 

pF 

Output Capacitance 

^oss 

— 

— 

30 


Reverse Transfer Capacitance 

^rss 

— 

- 

10 



SWITCHING CHARACTERISTICS 


Turn-On Delay Time 


td(on) 

— 


20 

ns 

Rise Time 

(Vds 0-5 V(BR)DSS' 

Id = 0.25 A, Zq = 50 ft) 

tr 

— 


25 


Turn-Off Delay Time 

td(off) 

— 

— 

25 


Fall Time 


tf 

— 

- 

?£ , 



SOURCE-DRAIN DIODE CHARACTERISTICS 


Diode Forward Voltage (Vqs = 0)(1) Is = 0.5 A, IRFDIZO 

I 3 = 0.4 A, IRFD1Z3 

Vf 

— 



1.4 

1.3 

Vdc 

Continuous Source Current, Body Diode IRFDIZO 

IRFD1Z3 

Is 

— 

— 

0.5 

0.4 

Adc 

Pulsed Source Current, Body Diode IRFDIZO 

IRFD1Z3 

ISM 

— 



4.0 ' 

3.2 

A 

Forward Turn-On Time 

dS = Rated ( 5 , Vqs = 0) 

ton 

negligible 

ns 

Reverse Recovery Time 

trr 

— 1 100 1 — 


(1) Pulse Test: Pulse Width 300 /iS, Duty Cycle 2.0%. 



MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 


Rating 

Symbol 

IRFD110 

IRFDIIS 

Unit 

Drain-Source Voltage 

VdSS 

100 

60 

Vdc 

Drain-Gate Voltage (Rqs = 20 kfl) 

VdGR 

100 

60 

Vdc 

Gate-Source Voltage 

VgS 

± 

20 

Vdc 

Drain Current 




Adc 

Continuous Tc = 25°C 

Id 

1.0 

0.8 


Pulsed 

idm 

8.0 

6.4 


Total Power Dissipation 

pd 



Watts 

@ Tc = 25°C 


1.0 


Derate above 25°C 


8.0 

mW/°C 

Operating and Storage 

Tj. Tstg 

- 55 to +150 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Thermal Resistance 

Junction to Ambient 

R0JA 

120 

°C/W 


IRFDllO 

IRFD113 

FET DIP 

CASE 370-01, STYLE 1 


1 Drain 



3 Source 


TMOS FET 
TRANSISTORS 

N-CHANNEL — ENHANCEMENT 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage IRFDllO 

(Vqs = 0, Id = 250 fiA) IRFDIIS 

V(BR)DSS 

100 

60 

— 



Vdc 

Zero Gate Voltage Drain Current (VdsS Rated VpsS' Vqs = 0 V) 

'dss 

— 

— 

250 

fiAdc 

Gate-Body Leakage Current, Forward (VqsF 20 V) 

igssf 

— 

— 

500 

nAdc 

Gate-Body Leakage Current, Reverse (Vqsr = -20 V) 

'gssr 

— 

- 

-500 

nAdc 


ON CHARACTERISTICS 


Gate Threshold Voltage 
(Id = 250 M, Vds = Vgs) 

VGS(th) 

2.0 

— 

4.0 

Vdc 

Static Drain-Source On-Resistance(l) IRFDllO 

(Vqs = 10 Vdc, Id = 0.8 A) IRFD113 

rDS(on) 

— 

— 

0.6 

0.8 

Ohms 

On-State Drain Current(l) 

(Vqs = 10 V, Vds = 5.0 V) IRFDIIO 

IRFDIIS 

iD(on) 

1.0 

0.8 

- 

- 

Adc 

Forward Transconductance(l) 

(Id = 0.8 A, Vds = 5.o v) 

gfs 

0.8 

— 

— 

mhos 


CAPACITANCE 


Input Capacitance 

(Vds = 25 V, Vgs = o 
f = 1.0 MHz) 

Ciss 

— 

— 

200 

PF 

Output Capacitance 

Coss 

_ 

— 

100 


Reverse Transfer Capacitance 

Crss 

— 

- 

25 



SWITCHING CHARACTERISTICS 


Turn-On Delay Time 


1d(on) 

— 

— 

20 

ns 

Rise Time 

(Vds *= 0.5 V(br)dss^ 

Id = 0.8 A, Zo = 50 a) 

tr 

— 

— 

25 


Turn-Off Delay Time 

td(off) 

— 

— 

25 


Fall Time 


tf 

— 

— 

20 



SOURCE-DRAIN DIODE CHARACTERISTICS 


Diode Forward Voltage (Vgs = 0) 1$ = 1.0 A, IRFDllO 

Is = 0.8 A, IRFDIIS 

Vf 

I 

- 

2.5 

2.0 

Vdc 

Continuous Source Current, Body Diode IRFDllO 

IRFDIIS 

Is 

— 

— 

1.0 

0.8 

Adc 

Pulsed Source Current, Body Diode IRFDllO 

IRFDIIS 

Ism 

I 



8.0 

6.4 

A 

Forward Turn-On Time 

dS = Rated 1$, Vgs = 0) 

ton 

negligible 

ns 

Reverse Recovery Time 

trr 

— 1 100 1 — 


(1) Pulse Test: Pulse Width 300 ixs, Duty Cycle ^ 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 


Rating 

Symbol 

IRFD120 

IRFD123 

Unit 

Drain-Source Voltage 

VdSS 

100 

60 

Vdc 

Drain-Gate Voltage 

VdGR 

100 

60 

Vdc 

(Rgs = 20 m 





Gate-Source Voltage 

VgS 

± 

20 

Vdc 

Drain Current 




Adc 

Continuous Tq = 25°C 

Id 

1.3 

1.1 


Pulsed 

Idm 

5.2 

4.4 


Total Power Dissipation 

Pd 




@ Tc = 25°C 


1.0 

Watts 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage Temperature Range 

Tj' Tstq 

- 55 to -t- 1 50 

X 


THERMAL CHARACTERISTICS 


Thermal Resistance Junction to Ambient | R^j/\ | 120 | °C/W 


IRFD120 

IRFD123 

FET DIP 

CASE 370-01, STYLE 1 



TMOS FET 
TRANSISTORS 


N-CHANNEL — ENHANCEMENT 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

Characteristic [ Symbol [ Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(Vgs = 0, Id = 250 /aA) IRFD120 

IRFD123 

V(BR)DSS 

100 

60 

- 

- 

Vdc 

Zero Gate Voltage Drain Current (VqsS = Rated VpsS' ^gs = 0 V) 

'dss 

— 

— 

250 

/AAdc 

Gate-Body Leakage Current, Forward (Vgsf = 20 V) 

Igssf 

— 

— 

500 

nAdc 

Gate-Body Leakage Current, Reverse (Vgsr = -20 V) 

'gssr 

— 

— 

-500 

nAdc 


ON CHARACTERISTICS 


Gate Threshold Voltage 
(Id = 250 /aa, vds = Vgs) 

VGS{th) 

2.0 

— 

4.0 

Vdc 

Static Drain-Source On-Resistance(l) 

'•DS(on) 




Ohms 

(Vgs = TO Vdc, Id = 0.6 A) IRFD120 


— 

— 

0.3 


IRFD123 


— 

— 

0.4 


On-State Drain Currentd) 

iD(on) 




Adc 

(Vgs -= 10 V, Vds = s.o v) 1RFD120 


1.3 

— 

— 


IRFD123 

i 

1.1 

— 

— 


Forward Transconductance(l) 

gfs 

0.9 

— 

— 

mhos 

(Id = 0.6 A, Vds = 5.o v) 







CAPACITANCE 


Input Capacitance 

(Vds = 25 V, Vgs = 0 
f = 1.0 MHz) 

O^iss 

— 

— 

600 

PF 

Output Capacitance 

Cqss 

— 

— 

400 


Reverse Transfer Capacitance 

Crss 

- 

— 

100 



SWITCHING CHARACTERISTICS 


Turn-On Delay Time 


ld(on) 

— 

— 

40 

ns 

Rise Time 

(Vds 0.5 V(BR)DSS' 

tr 

— 

— 

70 


Turn-Off Delay Time 

Id = 0.6 A, Zo = 50 a) 

td(off) 

— 

— 

100 


Fall Time 


tf 

— 


70 



SOURCE-DRAIN DIODE CHARACTERISTICS 


Diode Forward Voltage (Vgs = 0) Is = 1-3 A, IRFD120 

Is = 1.1 A, IRFD123 

VSD 



— 

2.5 

2.3 

Vdc 

Continuous Source Current, Body Diode IRFD120 

IRFD123 

Is 

— 



1.3 

1.1 

Adc 

Pulsed Source Current, Body Diode IRFD120 

IRFD123 

Ism 



— 

5.2 

4.4 

A 

Forward Turn-On Time 

(Is = Rated Is, Vgs = 0) 

Ion 

negligible 

ns 

Reverse Recovery Time 

trr 

— 1 280 1 — 


(1) Pulse Test: Pulse Width ^ 300 /as. Duty Cycle 2.0%. 



MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ 1 Max I Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(VqS = 0, Id = 250 /xA) IRFD210 

IRFD213 

V(BR)DSS 

200 

150 

- 

- 

Vdc 

Zero Gate Voltage Drain Current (Vdss Rated VqsS' ^GS = 0 V) 

Idss 

— 

— 

250 

/xAdc 

Gate-Body Leakage Current, Forward (VqsF = 20 V) 

igssf 

— 

— 

500 

nAdc 

Gate-Body Leakage Current, Reverse (Vqsr = -20 V) 

Igssr 

— 

— 

-500 

nAdc 


Rating 

Symbol 

IRFD210 

IRFD213 

Unit 

Drain-Source Voltage 

Vdss 

200 

150 

Vdc 

Drain-Gate Voltage 
(RGS = 20 kH) 

Vdgr 

200 

150 

Vdc 

Gate-Source Voltage 

Vgs 

±20 

Vdc 

Drain Current 

Continuous Tq = 25°C 

Pulsed 

Id 

Idm 

0.6 

2.5 

0.45 

1.8 

Adc 

Total Power Dissipation 
@ Tc = 25°C 

Derate above 25°C 

Pd 

1.0 

0.008 

Watts 

mW/°C 

Operating and Storage Temperature Range 

Tj. Tgtq 

— 55 to -1-150 

°C 


THERMAL CHARACTERISTICS 


Thermal Resistance Junction to Ambient | RgjA [ 2^2 | °CAA/ 


IRFD210 

IRFD213 

FET DIP 

CASE 370-01, STYLE 1 




TMOS FET 
TRANSISTORS 

N-CHANNEL — ENHANCEMENT 


ON CHARACTERISTICS 


Gate Threshold Voltage 


VGS(th) 

2.0 

— 

4.0 

Vdc 

(Id = 250 fiA, Vds = Vgs) 






Static Drain-Source On-Resistance(l) 


'■DS(on) 




Ohms 

(Vgs = 10 Vdc, Id = 0.3 a) 

IRFD210 

— 

— 

1.5 



IRFD213 


— 

— 

2.4 


On-State Drain Current(l) 


iD(on) 




Adc 

(Vgs = 10 V, Vds = 5.0 v) 

IRFD210, IRFD211 

1.5 

— 

— 



IRFD212, IRFD213 


2.4 

— 

— 


Forward Transconductance(l) 


gfs 

0.5 

_ 

_ 

mhos 

(Id = 0.3 A, Vds = 5.o v) 








CAPACITANCE 


Input Capacitance 

(Vds = 25 V, Vgs = 0 
f = 1.0 MHz) 

Ciss 

— 

— 

150 

PF 

Output Capacitance 

Coss 

— 

— 

80 


Reverse Transfer Capacitance 

Crss 

— 

— 

25 



SWITCHING CHARACTERISTICS 


Turn-On Delay Time 


td(on) 

— 

— 

15 

ns 

Rise Time 

(Vds ~ 0-5 V(BR)DSS' 

tr 

— 

— 

25 


Turn-Off Delay Time 

Id = 0.3 A, Zq = 50 a) 

td(off) 

— 

— 

15 


Fall Time 


tf 

— 

— 

15 



SOURCE-DRAIN DIODE CHARACTERISTICS 


Diode Forward Voltage (Vgs = 0) Is = 0-6 A, IRFD210 

Is = 0.45 A, IRFD213 

VSD 

— 

— 

2.0 

1.8 

Vdc 

Continuous Source Current, Body Diode IRFD210 

IRFD213 

Is 

— 

— 

0.6 

0.45 

Adc 

Pulsed Source Current, Body Diode IRFD210 

IRFD213 

Ism 

I 

I 

2.5 

1.8 

A 

Forward Turn-On Time 

dS = Rated Is, Vgs = 0) 

Ion 

negligible 

ns 

Reverse Recovery Time 

trr 

— 1 290 1 — 


(1) Pulse Test: Pulse Width ^ 300 /xs, Duty Cycle ^ 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 


Rating 

Symbol 

IRFD220 

IRFD223 

Unit 

Drain-Source Voltage 

VdSS 

200 

150 

Vdc 

Drain-Gate Voltage 

VdGR 

200 

150 

Vdc 

(RGS = 20 kn) 





Gate-Source Voltage 

VgS 

± 

20 

Vdc 

Drain Current 




Adc 

Continuous Tq = 25°C 

'd 

0.8 

0.7 


Pulsed 

•dm 

2.4 

5.6 


Total Power Dissipation 

Pd 




@ Tc = 25°C 


1.0 

Watts 

Derate above 25°C 


0.008 

mW/X 

Operating and Storage Temperature Range 

Tj. Tgtg 

- 55 to 4-150 

X 


THERMAL CHARACTERISTICS 


Thermal Resistance Junction to Ambient 


R0JA 


IRFD220 

IRFD223 

FET DIP 

CASE 370-01, STYLE 1 



1 Urain 

( ^ ) 
2-U| J 

Gate 


TMOS FET 
TRANSISTORS 

N-CHANNEL — ENHANCEMENT 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit | 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(Vgs = OJD = 250 fiA) IRFD220 

IRFD223 

V{BR)DSS 

200 

150 

- 

- 

Vdc 

Zero Gate Voltage Drain Current (Vqss = Rated Vqss» Vgs = 0 V) 

'dss 

— 

— 

250 

//-Adc 

Gate-Body Leakage Current, Forward (Vgsf = 20 V) 

Igssf 

— 

— 

500 

nAdc 

Gate-Body Leakage Current, Reverse (VgsR = -20 V) 

Igssr 

— 

— 

-500 

nAdc 


ON CHARACTERISTICS 


Gate Threshold Voltage 
(Id = 250 fjiA, vds = Vgs) 

VGS(th) 

2.0 

— 

4.0 

Vdc 

Static Drain-Source On-Resistance(l) 


''DS(on) 




Ohms 

(Vgs = 10 Vdc, Id = o.4 a) 

IRFD220 


— 

— 

0.8 



IRFD223 


— 

— 

1.2 


On-State Drain Current(l) 


)D(on) 




Adc 

(Vgs = 10 V, Vds = 5.o v) 

IRFD220 


0.8 

— 

— 



IRFD223 


0.7 

— 

— 


Forward Transconductance(l) 


gfs 

0.5 

— 

— 

mhos 

(Id = 0.4 A, Vds = s.o v) 








CAPACITANCE 


Input Capacitance 

(Vds = 25 V, Vgs = o 
f = 1.0 MHz) 

O^iss 

— 

— 

600 

pF 

Output Capacitance 

^oss 

— 

— 

300 


Reverse Transfer Capacitance 

^rss 

— 


80 



SWITCHING CHARACTERISTICS 


Turn-On Delay Time 


td(on) 

— 

1 

40 

ns 

Rise Time 

(Vds == 0.5 V(br)dsS' 

tr 

— 

— 

60 


Turn-Off Delay Time 

Id = 0.4 A, Zq = 50 n) 

td(off) 

— 

— 

100 


Fall Time 


tf 

— 

— 

60 



SOURCE-DRAIN DIODE CHARACTERISTICS 


Diode Forward Voltage (Vgs = 0) Is = 0.8 A, IRFD220 

Is = 0.7 A, IRFD223 

VSD 

— 


2.0 

1.8 

Vdc 

Continuous Source Current, Body Diode IRFD220 

IRFD223 

Is 

— 



0.8 

0.7 

Adc 

Pulsed Source Current, Body Diode IRFD220 

IRFD223 

ISM 

— 

— 

6.4 

5.6 

A 

Forward Turn-On Time 

dS = Rated Is, Vgs = 0) 

^on 

negligible 

ns 

Reverse Recovery Time 

trr 

— 1 150 1 — 


(1) Pulse Test: Pulse Width ^ 300 /jls, Duty Cycle < 2.0%. 



MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 


Rating 

Symbol 

IRFD9110 

IRFD9112 

Unit 

Drain-Source Voltage 

VdSS 

-100 

Vdc 

Drain-Gate Voltage (Rqs = 20 kll) 

VdGR 

-100 

Vdc 

Gate-Source Voltage 

VgS 

± 

20 

Vdc 

Drain Current 

Continuous Tq = 25°C 

Id 

-0.7 

-0.6 

Adc 

Pulsed 

Idm 

-3.0 

-2.5 


Total Power Dissipation 
@ Tc = 25°C 

pd 

1.0 

Watts 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage 

Tj/ Tstg 

— 55 to +150 

T 

Temperature Range 





THERMAL CHARACTERISTICS 


Thermal Resistance Junction to 

R(9JA 

120 

°C/W 

Ambient (Free Air Operation) 





IRFD9110 

IRFD9112 

FET DIP 

CASE 370-01, STYLE 1 


1 Drain 



3 Source 


TMOS FET 
TRANSISTORS 

P-CHANNEL — ENHANCEMENT 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic 


Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 

(Vgs = 0, Id = -250 /iA) 

V(BR)DSS 

100 

— 

— 

Vdc 

Zero Gate Voltage Drain Current (Vpss = Rated VpsS' Vqs = 0 V) 

idss 

— 

— 

250 

nAdc 

Gate-Body Leakage Current, Forward (Vqsf = 

-20 V) 

•gssf 

— 

— 

500 

nAdc 

Gate-Body Leakage Current, Reverse (Vqsr = 

20 V) 

•gssr 

— 

— 

500 

nAdc 

ON CHARACTERISTICS 

Gate Threshold Voltage 


VGS(th) 

2.0 

— 

4.0 

Vdc 

(Id = -250 jaA, VdS = Vqs) 







Static Drain-Source On-Resistance(l) 

IRFD9110 

rDS(on) 

— 

— 

1.2 

Ohms 

(Vgs = -10 Vdc, Id = - 0.3 a) 

IRFD9112 


— 

— 

1.6 


On-State Drain Current(l) 

1RFD9110 

iD(on) 

0.7 

— 

— 

Adc 

(Vgs = 10 V, vds = - 5.0 v) 

IRFD9112 


0.6 

— 

— 


Forward Transconductance(l) 


9fs 

0.6 

— 

— 

mhos 

(Id = -0.3 A, Vds = -5.0 V) 








CAPACITANCE 


Input Capacitance 

(Vds = -25 V, Vgs = 0 

f = 1.0 MHz) 

^iss 

— 

— 

250 

PF 

Output Capacitance 

Coss 

— 

— 

100 


Reverse Transfer Capacitance 

Crss 

— 

- 

35 



SWITCHING CHARACTERISTICS 


Turn-On Delay Time 


td(on) 

— 

— 

30 

ns 

Rise Time 

(Vds = 0-5 V(br)dsS' 

Id = -0.3 A, Zo = 50 n) 

tr 

— 

— 

60 


Turn-Off Delay Time 

td(off) 

— 

— 

40 


Fall Time 


tf 

- 

- 

40 



SOURCE-DRAIN DIODE CHARACTERISTICS 


Diode Forward Voltage (Vgs = 0) IS = A, IRFD9110 

Is = -0.6 A, IRFD9112 

VSD 

— 

— 

-5.5 

-5.3 

Vdc 

Continuous Source Current, Body Diode IRFD9110 

IRFD9112 

Is 

— 

— 

-0.7 

-0.6 

Adc 

Pulsed Source Current, Body Diode IRFD9110 

IRFD9112 

Ism 





-3.0 

-2.5 

A 

Forward Turn-On Time 

dS = Rated Is, Vgs = 0) 

Ion 

negligible 

ns 

Reverse Recovery Time 

trr 

— 1 120 1 — 


(1) Pulse Test: Pulse Width 300 ixs, Duty Cycle 2.0%. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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MAXIMUM RATINGS 


Rating 

Symbol 

IRFD9120 

IRFD9123 

Unit 

Drain-Source Voltage 

VdSS 

100 

60 

Vdc 

Drain-Gate Voltage (Rqs = 20 kO) 

VdGR 

100 

60 

Vdc 

Gate-Source Voltage 

VgS 

± 

20 

Vdc 

Drain Current 




Adc 

Continuous Tc = 25°C 

Id 

1.0 

0.8 


Pulsed 

Idm 

8.0 

6.4 


Total Power Dissipation 

pd ! 




@ Tc = 25°C 


1.0 

Watts 

Derate above 25°C 


8.0 

mW/X 

Operating and Storage 

Tj/ Tstg 

— 55 to +150 

X 

Temperature Range 






THERMAL CHARACTERISTICS 


Thermal Resistance Junction to 

R^ja 

120 

X/W 

Ambient (Free Air Operation) 





IRFD9120 

IRFD9123 

FET DIP 

CASE 370-01, STYLE 1 


1 Drain 



3 Source 


TMOS FET 
TRANSISTORS 

P-CHANNEL — ENHANCEMENT 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic J Symbol I Min [ Typ | Max [ Unit 


OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage IRFD9120 

(VqS = 0, Id = -250 AtA) IRFD9123 

V(BR)DSS 

100 

60 





Vdc 

Zero Gate Voltage Drain Current (VdsS = Rated VqsS' ^qs = 0 V) 

•dss 

— 

— 

250 

fiAdc 

Gate-Body Leakage Current, Forward (Vqsf -20 V) 

igssf 

— 

— 

500 

nAdc 

Gate-Body Leakage Current, Reverse (VqsR = 20 V) 

•gssr 

— 

— 

500 

nAdc 

ON CHARACTERISTICS 

Gate Threshold Voltage 
(Id = -250 /xA, Vds = Vqs) 

VGS(th) 

2.0 

— 

4.0 

Vdc 

Static Drain-Source On-Resistance(l) IRFD9120 

(Vgs = -10 Vdc, Id = -0.8 A) IRFD9123 

'■DS(on) 





0.6 

0.8 

Ohms 

On-State Drain Current(l) IRFD9120 

(Vgs = 10 V, Vds = - 5.0 v) irfd9123 

iD(on) 

1.0 

0.8 

— 

— 

Adc 

Forward Transconductance(l) 

(Id = -0.8 A, Vds = -5.ov) 

gfs 

0.8 

— 

— 

mhos 

CAPACITANCE 

Input Capacitance 

(Vds -25 V, Vgs = 0 
f = 1.0 MHz) 

O^iss 

— 

— 

450 

PF 

Output Capacitance 

Cqss 

— 

— 

350 

Reverse Transfer Capacitance 

^rss 

— 

— 

100 

SWITCHING CHARACTERISTICS 

Turn-On Delay Time 

(Vds = 0.5 V(br)dsS' 

Id = - 0.8 A, Zo = 50 a) 

ld(on) 

— 

— 

50 

ns 

Rise Time 

tr 

— 

— 

100 

Turn-Off Delay Time 

td(off) 

— 

— 

100 

Fall Time 

tf 

— 

— 

100 


SOURCE-DRAIN DIODE CHARACTERISTICS 


Diode Forward Voltage (Vgs = 0) Is 

Is 

= -1.0 A, IRFD9120 
= -0.8 A, IRFD9123 

Vf 

— 



6.3 

6.0 

Vdc 

Continuous Source Current, Body Diode 

IRFD9120 

Is 

— 

— 

1.0 

Adc 



IRFD9123 


— 

— 

0.8 


Pulsed Source Current, Body Diode 

IRFD9120 

•SM 

— 

— 

8.0 

A 



IRFD9123 


~ i 

— 

6.4 


Forward Turn-On Time 


(Is = Rated Is, Vgs = 0) 

ton 

negligible 

ns 








Reverse Recovery Time 



trr 

— 

150 

- 



(1) Pulse Test: Pulse Width ^ 300 ixs, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

IRFE110 

IRFE113 

Unit 

Drain-Source Voltage 

VdSS 

100 

60 

Vdc 

Drain-Gate Voltage (Rqs = 20 kO) 

VdGR 

100 

60 

Vdc 

Gate-Source Voltage 

VgS 

±20 

Vdc 

Drain Current 

Continuous Tq = 25°C 

Pulsed 

Id 

Idm 

1.0 

8.0 

0.8 

6.4 

Adc 

Total Power Dissipation 
@ Tc = 25°C 

Derate above 25°C 

Package 

pd 

3.0 

30 

Watts 

mW/°C 

Per 

Device 


o o 
00 

Watt 

mW/X 

Operating and Storage 

Temperature Range 

Tj/ Tstg 

— 55 to +150 

X 


THERMAL CHARACTERISTICS 


Thermal Resistance Junction to 

R0JA 

40 Total Package 

X/W 

Ambient (Free Air Operation) 


125 Each FET 



IRFEllO 

IRFE113 


CASE 648-08, STYLE 2 



1 2 3 4 5 6 7 8 


QUAD 
TMOS FET 
TRANSISTORS 

N-CHANNEL — ENHANCEMENT 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic 


Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS EACH FET 

Drain-Source Breakdown Voltage 

IRFEllO 

V(BR)DSS 

100 

— 

— 

Vdc 

(Vgs = 0, Id = 250 ^JiA) 

IRFE113 

60 

— 

— 


Zero Gate Voltage Drain Current (Vqss = Rated VqsS' Vqs == 0 V) | 

Idss 

— 

— 

250 

fiAdc 

Gate-Body Leakage Current, Forward (VqsF 

= 20 V) 

igssf 

— 

— 

500 

nAdc 

Gate-Body Leakage Current, Reverse (Vg 5 r 

= -20 V) 

Igssr 

— 

— 

500 

nAdc 

ON CHARACTERISTICS EACH FET 

Gate Threshold Voltage (Id = 250 fxA, Vds 

= Vgs) 

VGS(th) 

2.0 

— 

4.0 

Vdc 

Static Drain-Source On-Resistance(l) 

IRFEllO 

rDS(on) 

— 

— 

0.6 

Ohms 

(Vgs = 10 Vdc, Id = o.8 a) 

IRFE113 

— 

— 

0.8 


On-State Drain Current(l) 

IRFEllO 

iD(on) 

1.0 

— 

— 

Adc 

(Vgs = 10 V, Vds = 5.ov) 

IRFE113 

0.8 

— 

— 


Forward Transconductance(l) 


Qfs 

0.8 

— 

-- 

mhos 

(Id = 0.8 A, Vds = 5.o v) 








CAPACITANCE EACH FET 


Input Capacitance 

(Vds = 25 V, Vgs = o 
f = 1.0 MHz) 

Ciss 

— 

— 

200 

PF 

Output Capacitance 

Coss 

— 

— 

100 


Reverse Transfer Capacitance 

^rss 

— 

— 

25 



SWITCHING CHARACTERISTICS EACH FET 


Turn-On Delay Time 

(Vds = 0-5 V(br)dsS' 

Id = 0.8 A, Zo = 50 ft) 

td(on) 

— 

— 

20 

ns 

Rise Time 

tr 

— 

— 

25 

Turn-Off Delay Time 

td(off) 

— 

— 

25 

Fall Time 

tf 

— 

- 

20 


SOURCE-DRAIN DIODE CHARACTERISTICS EACH FET 


Diode Forward Voltage (Vgs = 0) IS = 10 A, IRFEllO 

Is = 0.8 A, IRFE113 

vf 





2.5 

2.0 

Vdc 

Continuous Source Current, Body Diode IRFEllO 

IRFE113 

Is 



— 

1.0 

0.8 

Adc 

Pulsed Source Current, Body Diode IRFEllO 

IRFE113 

Ism 

— 

— 

8.0 

6.4 

A 

Forward Turn-On Time 

(Is = Rated Is, Vgs = 0) 

fon 

negligible 

ns 

Reverse Recovery Time 

trr 

— 1 100 1 — 


(1) Pulse Test: Pulse Width =€ 300 i^s, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

IRFE9120 

IRFE9123 

Unit 

Drain-Source Voltage 

VdSS 

100 

60 

Vdc 

Drain-Gate Voltage (Rqs = 20 kfl) 

VdGR 

100 

60 

Vdc 

Gate-Source Voltage 

VgS 

±20 

Vdc 

Drain Current 

Continuous Tq = 25°C 

Pulsed 

Id 

Idm 

1.0 

8.0 

0.8 

6.4 

Adc 

Total Power Dissipation 
@ Tc = 25°C 

Derate above 25°C 

Package 

pd 

3.0 

30 

Watts 

mW/°C 

Per 

Device 


o o 
00 

Watt 

mW/X 

Operating and Storage 

Temperature Range 

7j/ Tstg 

- 55 to +150 

°C 


THERMAL CHARACTERISTICS 


Thermal Resistance Junction to 

R0JA 

40 Total Package 

°C/W 

Ambient (Free Air Operation) 


125 Each FET 



IRFE9120 

IRFE9123 

CASE 648-08, STYLE 2 



15 14 13 12 11 10 9 

rprirpr-inririri 



QUAD 
TMOS FET 
TRANSISTORS 

P-CHANNEL — ENHANCEMENT 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic 


Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS EACH FET 

Drain-Source Breakdown Voltage 

IRFE9120 

V(BR)DSS 

100 

— 

— 

Vdc 

(VgS = 0, Id = -250 fiA) 

IRFE9123 

60 

— 

— 


Zero Gate Voltage Drain Current (VdsS = Rated VqsS' Vqs = 0 V) 

Idss 

— 

— 

250 

/A Adc 

Gate-Body Leakage Current, Forward (VqsF 

20 V) 

Igssf 

— 

— 

500 

nAdc 

Gate-Body Leakage Current, Reverse (VqsR ^ 

-20 V) 

•gssr 


— 

500 

nAdc 

ON CHARACTERISTICS EACH FET 

Gate Threshold Voltage (Ip = -250AtA, Vqs 

- Vgs) 

VGS(th) 

2.0 

— 

4.0 

Vdc 

Static Drain-Source On-Resistance(l) 

IRFE9120 

'■DS(on) 


— 

0.6 

Ohms 

(Vqs = -10 Vdc, Id = -0.8 A) 

IRFE9123 

— 

— 

0.8 


On-State Drain Current(l) 

IRFE9120 

iD(on) 

1.0 

— 

— 

Adc 

(Vgs = -10 V, Vds = 5.0 V) 

IRFE9123 

0.8 

— 

— 


Forward Transconductanced ) 


Ofs 

0.8 

— 

— 

mhos 

(Id = -0.8 A, Vds = 5.0 V) 








CAPACITANCE EACH FET 



Input Capacitance 

(Vds = -25 V, Vgs = o 

f = 1.0 MHz) 

^iss 

_ 

— 

450 

PF 

Output Capacitance 

Cqss 

— 

— 

350 


Reverse Transfer Capacitance 

Lrss 

— 

- 

100 



SWITCHING CHARACTERISTICS EACH FET 


Turn-On Delay Time 


1d(on) 

— 

— 

50 

ns 

Rise Time 

(Vds 0-5 V(br)dsS' 

Id = -0.8 A, Zq = 50 a) 

tr 

— 

— 

100 


Turn-Off Delay Time 

td(off) 


— 

100 


Fall Time 


tf 

— 

— 

100 



SOURCE-DRAIN DIODE CHARACTERISTICS EACH FET 


Diode Forward Voltage (Vgs = 0) Is = “ 10 A, IRFE9120 

Is = -0.8 A, IRFE9123 

Vf 

— 

— 

6.3 

6.0 

Vdc 

Continuous Source Current, Body Diode IRFE9120 

IRFE9123 

Is 



— 

1.0 

0.8 

Adc 

Pulsed Source Current, Body Diode IRFE9120 

IRFE9123 

Ism 



— 

8.0 

6.4 

A 

Forward Turn-On Time 

dS = Rated Ig, Vgs = 0) 

^on 

negligible 

ns 

Reverse Recovery Time 

trr 

— 1 150 1 — 


(1) Pulse Test: Pulse Width ^ 300 fis, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

IRFFllO 

IRFF113 

Unit 

Drain-Source Voltage 

VdSS 

100 

60 

Vdc 

Drain-Gate Voltage (Rqs = l O 

VdGR 

100 

60 

Vdc 

Gate-Source Voltage 

VgS 

± 

20 

Vdc 

Drain Current 




Adc 

Continuous 

Id 

3.5 

3.0 


Pulsed 

Idm 

14 

12 


Total Power Dissipation @ Tc = 25°C 

Pd 

15 

Watts 

Derate above 25°C 


0.12 

W/°C 

Operating and Storage Temperature Range 

Tjf Tstg 

-55 to 150 

°C 


THERMAL CHARACTERISTICS 


Thermal Resistance Junction to Case 

R0JC 

8.33 

°C/W 

Thermal Resistance Junction to Ambient 

R0JA 

175 

°c/w 

Maximum Lead Temperature 

1.6 mm from Case for 10 s 

tl 

300 

°c 


IRFFllO 

IRFF113 


CASE 79-05, STYLE 6 
TO-39 (TO-205AF) 



3 Drain 



1 Source 


TMOS FET 
TRANSISTORS 

N-CHANNEL — ENHANCEMENT 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage IRFFllO 

(VqS = 0, Id = 250 fiA) IRFF113 

V(BR)DSS 

100 

60 

— 

Vdc 

Zero Gate Voltage Drain Current (Vqs = Rated VqsS' ^gs = 0) 

'dss 

„ 

250 

fjiAdc 

Gate-Body Leakage Current, Forward (Vqs = 20 Vdc, Vps = 0) 

igssf 

— 

100 

nAdc 

Gate-Body Leakage Current, Reverse (Vqs = -20 Vdc, Vqs = 0) 

'gssr 

— 

-100 

nAdc 


ON CHARACTERISTICS* 


Gate Threshold Voltage (Vds = VqS' 'd = 250 fxA) 

VGS(th) 

2.0 

4.0 

Vdc 

Static Drain-Source On-Resistance 

IRFFllO 

'■DS{on) 

— 

0.6 

Ohm 

(Vgs = 10 Vdc, Id = 1.5 Adc) 

IRFF113 

— 

0.8 


On-State Drain Current 

IRFFllO 

lD{on) 

3.5 

— 

A 

(Vgs = 10 Vdc, Vds = ib v) 

IRFF113 

3.0 

— 


Forward Transconductance (Id = 1.5 A, Vds = 15 V) 

gfs 

1.0 

- 

mhos 


DYNAMIC CHARACTERISTICS 


Input Capacitance 

(Vds = 25 V, Vgs = o, 

f = 1.0 MHz) 

^iss 

_ 

200 

PF 

Output Capacitance 

^oss 

— 

100 


Reverse Transfer Capacitance 

Crss 

- 

25 



SWITCHING CHARACTERISTICS* 


Turn-On Delay Time 


^d(on) 

— 

20 

ns 

Rise Time 

(Vdd == 0.5 Rated VdsS' 

Id = 1.5 A, 

Rgen = 50 ohms) 

tr 

— 

25 


Turn-Off Delay Time 

id(off) 

_ 

25 


Fall Time 



- 

20 



SOURCE-DRAIN DIODE CHARACTERISTICS* 


Forward On-Voltage 

IRFFllO 

IRFF113 

(Is = Rated iD(on)' 

Vgs = 0) 

VSD 

— 

2.5 

Vdc 

VSD 

— 

2.0 

Vdc 

Forward Turn-On Time 

Ion 

— 

Negligible 

ns 

Reverse Recovery Time 

trr 

- 

200 (Typ) 

ns 


*Pulse Test: Pulse Width 300 /xs, Duty Cycle 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

IRFF120 

IRFF123 

Unit 

Drain-Source Voltage 

VdSS 

100 

60 

Vdc 

Drain-Gate Voltage (Rqs = TO mfl) 

VdGR 

100 

60 

Vdc 

Gate-Source Voltage 

VgS 

± 

20 

Vdc 

Drain Current 




Adc 

Continuous 

Id 

6.0 

5.0 


Pulsed 

Idm 

24 

20 


Total Power Dissipation (a) Tq = 25°C 

Pd 

20 

Watts 

Derate above 25°C 


0.16 

W/X 

Operating and Storage Temperature Range 

^stg 

-55 to 150 

X 


THERMAL CHARACTERISTICS 


Thermal Resistance Junction to Case 

R^JC 

6.25 

X/W 

Thermal Resistance Junction to Ambient 

R0JA 

175 

X/W 

Maximum Lead Temperature 

1.6 mm from Case for 10 s 

Tl 

300 

X 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max [ Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 

IRFF120 

V(BR)DSS 

100 

— z — 

Vdc 

(Vgs = 0, Id = 250 ixA) 

IRFF123 

60 

— 


Zero Gate Voltage Drain Current (Vqs ^ Rated VdsS' Vqs 0) 

'dss 

— 

250 

jttAdc 

Gate-Body Leakage Current, Forward (Vqs = 20 Vdc, Vqs = 0) 

'gssf 

— 

100 

nAdc 

Gate-Body Leakage Current, Reverse (Vqs = 20 Vdc, Vqs ^ 0) 

igssr 

— 

-100 

nAdc 


ON CHARACTERISTICS* 


1 Gate Threshold Voltage (Vqs = Vqs- Id = 250 /xA) 

VGS(th) 

2.0 

4.0 

Vdc 

Static Drain-Source On-Resistance 

IRFF120 

'■DS(on) 

— 

0.3 

Ohm 

(Vgs = lO Vdc, Id = 3.0 Adc) 

IRFF123 

— 

0.4 


On-State Drain Current 

IRFF120 

iD(on) 

6.0 

— 

A 

(Vgs = 10 V, vds = i5V) 

IRFF123 

5.0 

— 


1 Forward Transconductance (Id = 3.0 A, Vds = 15 V) 

9fs 

1.5 

— 

mhos 


DYNAMIC CHARACTERISTICS 


Input Capacitance 

(Vds = 25 V, Vgs = o, 

f = 1.0 MHz) 

Ciss 

— 

600 

pF 

Output Capacitance 

Coss 

— 

400 


Reve^'se Transfer Capacitance 

^rss 

- 

100 



SWITCHING CHARACTERISTICS* 


Turn-On Delay Time 


^d(on) 

— 

40 

ns 

Rise Time 

(Vdd == 0.5 Rated VdsS' 

Id = 3.0 A, 

Rgen ~ ^0 ohms) 

tr 

— 

70 


Turn-Off Delay Time 

Id(off) 

— 

100 


Fall Time 

tf 

_ 

70 



SOURCE-DRAIN DIODE CHARACTERISTICS* 


Forward On-Voltage 

IRFF120 

IRFF123 

(1$ = Rated iD(on)' 

Vgs = 0) 

VSD 

— 

2.5 

Vdc 

VSD 

— 

2.3 

Vdc 

Forward Turn-On Time 

Ion 

— 

Negligible 

ns 

Reverse Recovery Time 

trr 

— 

200 (Typ) 

ns 


*Pulse Test: Pulse Width 300 /jls, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

IRFF210 

IRFF213 

Unit 

Drain-Source Voltage 

VdSS 

200 

150 

Vdc 

Drain-Gate Voltage (Rqs = l O 

VdGR 

200 

150 

Vdc 

Gate-Source Voltage 

VgS 

± 

20 

Vdc 

Drain Current 




Adc 

Continuous 

Id 

2.2 

1.8 


Pulsed 

'dm 

9.0 

7.5 


Total Power Dissipation @ Tc = 25°C 

Pd 

15 

Watts 

Derate above 25°C 


0.12 

W/°C 

Operating and Storage Temperature Range 

Tj, Tstg 

-55 to 150 

°C 


THERMAL CHARACTERISTICS 


Thermal Resistance Junction to Case 

R^JC 

8.33 

X/W 

Thermal Resistance Junction to Ambient 

R0JA 

175 

X/W 

Maximum Lead Temperature 

1.6 mm from Case for 10 s 

Tl 

300 

X 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic 


IRFF210 

IRFF213 

CASE 79-05, STYLE 6 
TO-39 (TO-205AF) 



3 Drain 



1 Source 


TMOS FET 
TRANSISTORS 

N-CHANNEL — ENHANCEMENT 


Symbol Min Max Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage IRFF210 

(VqS = 0, Id = 250 fjiA) IRFF213 

V(BR)DSS 

200 

150 

— 

Vdc 

Zero Gate Voltage Drain Current (Vds = Rated VpsS' ^GS ^ 0) 

Idss 

— 

250 

/A Adc 

Gate-Body Leakage Current, Forward (Vqs = 20 Vdc, Vds = 0) 

igssf 

— 

100 

nAdc 

Gate-Body Leakage Current, Reverse (Vqs = -20 Vdc, Vqs = 0) 

Igssr 

- 

-100 

nAdc 


ON CHARACTERISTICS* 


Gate Threshold Voltage (Vqs = Vgs» Id = 250 ixA) 

VGS(th) 

2.0 

4.0 

Vdc 

Static Drain-Source On-Resistance IRFF210 

(Vgs = 10 Vdc, Id = 1.25 A) IRFF213 

rDS(on) 



1.5 

2.4 

Ohm 

Forward Transconductance (Ip = 1-25 A, Vds ^ 0 V) 

gfs 

0.8 

— 

mhos 


DYNAMIC CHARACTERISTICS 


Input Capacitance 

(Vds = 25 V, Vgs = o, 
f = 1.0 MHz) 

^iss 

— 

200 

pF 

Output Capacitance 

O^oss 

— 

80 


Reverse Transfer Capacitance 

Crss 

— 

25 



SWITCHING CHARACTERISTICS* 


Turn-On Delay Time 


td(on) 

— 

15 

ns 

Rise Time 

(Vdd = 0.5 Rated VdsS' 

Id = 1.25 A, 

Rgen = 50 ohms) i 

tr 

— 

25 


Turn-Off Delay Time 

td(off) 

— 

15 


Fall Time 

tf 

— 

15 



SOURCE-DRAIN DIODE CHARACTERISTICS* 


Forward On-Voltage 

IRFF210 

IRFF213 

{1$ = Rated iD(on)' 

Vgs = 0) 

VSD 

— 

2.0 

Vdc 

VSD 

— 

1.8 

Vdc 

Forward Turn-On Time 

ton 

— 

Negligible 

ns 

Reverse Recovery Time 

trr 

- 

200 (Typ) 

ns 


*Pulse Test; Pulse Width < 300 ixs, Duty Cycle 2.0%. 
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IRFF220 

IRFF223 


MAXIMUM RATINGS 


Rating 

Symbol 

IRFF220 

IRFF223 

Unit 

Drain-Source Voltage 

VdSS 

200 

150 

Vdc 

Drain-Gate Voltage (Rqs ^ 1.0 mfi) 

VdGR 

200 

150 

Vdc 

Gate-Source Voltage 

VgS 

± 

20 

Vdc 

Drain Current 




Adc 

Continuous 

Id 

3.5 

3.0 


Pulsed 

Idm 

14 

12 


Total Power Dissipation (a) Tq = 25°C 

pd 

20 

Watts 

Derate above 25°C 


0.16 

W/°C 

Operating and Storage Temperature Range 

Tj' Tstg 

-55 to 150 

°C 


THERMAL CHARACTERISTICS 


Thermal Resistance Junction to Case 

R0JC 

6.25 

X/W 

Thermal Resistance Junction to Ambient 

R0JA 

175 

°C/W 

Maximum Lead Temperature 

1.6 mm from Case for 10 s 

tl 

300 

X 


CASE 79-05, STYLE 6 
TO-39 (TO-205AF) 



TMOS FET 
TRANSISTORS 

N-CHANNEL — ENHANCEMENT 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


Characteristic 


Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 

IRFF220 

V(BR)DSS 

200 

— 

Vdc 

(Vgs = 0, Id = 250 ^lA) 

IRFF223 

150 

— 


Zero Gate Voltage Drain Current (Vds = Rated VpsS' ^GS ~ 

idss 

— 

250 

^lAdc 

Gate-Body Leakage Current, Forward (Vqs = 20 Vdc, Vps == 0) 

igssf 

— 

100 

nAdc 

Gate-Body Leakage Current, Reverse (Vqs = -20 Vdc, Vqs = 0) 

igssr 

- 

-100 

nAdc 

ON CHARACTERISTICS* 

Gate Threshold Voltage (Vqs = VqS' *0 = 250 /xA) 

VGS(th) 

2.0 

4.0 

Vdc 

Static Drain-Source On-Resistance 

IRFF220 

i-DSIon) 

— 

0.8 

Ohm 

(Vgs = 10 Vdc, Id = 2.0 Adc) 

IRFF223 

— 

1.2 


On-State Drain Current 

IRFF220 

'D(on) 

3.5 

_ 

A 

(Vgs = 10 Vdc, Vds = 5.0 vdc) 

IRFF223 

3.0 

— 


Forward Transconductance (Id = 2.0 A, Vds ^-O V) 

gfs 

1.5 

— 

mhos 


DYNAMIC CHARACTERISTICS 


Input Capacitance 

(Vds = 25 V, Vgs - o, 

f = 1.0 MHz) 

^iss 

— 

600 

PF 

Output Capacitance 

^oss 

— 

300 


Reverse Transfer Capacitance 

Crss I 

— 

80 



SWITCHING CHARACTERISTICS* 


Turn-On Delay Time 


1d(on) 

— 

40 

ns 

Rise Time 

(Vdd == 0-5 Rated V(br)DSS' 

Id = 2.0 A, 

Rgen - 50 ohms) i 

fr 

— 

60 


Turn-Off Delay Time 

td(off) ^ 

— 

100 


Fall Time 

^f 

— 

60 



SOURCE-DRAIN DIODE CHARACTERISTICS* 


Forward On-Voltage 

IRFF220 

IRFF223 

dS = Rated iD(on)' 

Vgs = 0) 

VSD 

— 

2.0 

Vdc 

VSD 

— 

1.8 

Vdc 

Forward Turn-On Time 

Ion 

— 

Negligible 

ns 

Reverse Recovery Time 

trr 

— 

350 (Typ) 

ns 


*Pulse Test: Pulse Width ^ 300 /xs, Duty Cycle 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

IRFF230 

IRFF233 

Unit 

Drain-Source Voltage 

VdSS 

200 

150 

Vdc 

Drain-Gate Voltage (Rqs = l-O 

VdGR 

200 

150 

Vdc 

Gate-Source Voltage 

VgS 

± 

20 

Vdc 

Drain Current 




Adc 

Continuous 

Id 

5.5 

4.5 


Pulsed 

idm 

22 

18 


Total Power Dissipation @ Tq = 25°C 

pd 

25 

Watts 

Derate above 25°C 


0.2 

W/°C 

Operating and Storage Temperature Range 

Tj» Tgtg 

-55 to 150 

"C 


THERMAL CHARACTERISTICS 


Thermal Resistance Junction to Case 

R0JC 

5.0 

x/w 

Maximum Lead Temperature 

1.6 mm from Case for 10 s 

tl 

300 

x 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic 


IRFF230 

IRFF233 

CASE 79-05, STYLE 6 
TO-39 (TO-205AF) 



3 Drain 



1 Source 


TMOS FET 
TRANSISTORS 

N-CHANNEL — ENHANCEMENT 


Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 

IRFF230 

V(BR)DSS 

200 

_ 

Vdc 

(VgS = 0, Id = 250 fiA) 

IRFF233 

150 

— 


Zero Gate Voltage Drain Current (Vps = Rated VpsS' Vqs = 0) 

Idss 

— 

250 

fiAdc 

Gate-Body Leakage Current, Forward (Vqs = 20 Vdc, Vps = 0) 

'gssf 

— 

100 

nAdc 

Gate-Body Leakage Current, Reverse (Vqs = -20 Vdc, Vps = 0) 

igssr 

— 

-100 

nAdc 


ON CHARACTERISTICS* 


Gate Threshold Voltage (Vds = VqS' Id = 250 fiA) 

VGS(th) 

2.0 

4.0 

Vdc 

Static Drain-Source On-Resistance IRFF230 

(VqS = 10 Vdc, Id = 3.0 A) IRFF233 

rDS(on) 

— 

0.4 

0.6 

Ohm 

Forward Transconductance (Id = 3.0 A, Vds ^ 5.0 V) 

gfs 

2.5 

— 

mhos 


DYNAMIC CHARACTERISTICS 


Input Capacitance 

(Vds = 25 V, vgs = o, 

f = 1.0 MHz) 

Ciss 

— 

800 

PF 

Output Capacitance 

^oss 

— 

450 


Reverse Transfer Capacitance 

Crss 

— 

150 



SWITCHING CHARACTERISTICS* 


Turn-On Delay Time 

(Vdd 90 V, Id = 3.0 A, 

Rgen = 50 ohms) 

ld{on) 

— 

30 

ns 

Rise Time 

tr 

— 

50 

Turn-Off Delay Time 

td(off) 

— 

50 

Fall Time 

tf 

— 

40 


SOURCE-DRAIN DIODE CHARACTERISTICS* 


Forward On-Voltage 

IRFF230 

IRFF233 

(Is = Rated iD(on)' 

Vgs = 0) 

VSD 

— 

2.0 

Vdc 

VSD 

— 

1.8 

Vdc 

Forward Turn-On Time 

Ion 

— 

Negligible 

ns 

Reverse Recovery Time 

trr 

— 

450 (Typ) 

ns 


*Pulse Test: Pulse Width ^ 300 ixs, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

IRFF330 

IRFF333 

Unit 

Drain-Source Voltage 

VdSS 

400 

350 

Vdc 

Drain-Gate Voltage (Rqs = ^ 0 

VdGR 

400 

350 

Vdc 

Gate-Source Voltage 

VgS 

± 

20 

Vdc 

Drain Current 




Adc 

Continuous 

Id 

3.5 

3.0 


Pulsed 

'dm 

14 

12 


Total Power Dissipation @ Tq = 25°C 

Pd 

25 

Watts 

Derate above 25°C 


0.2 

W/°C 

Operating and Storage Temperature Range 

Tj/ Tstg 

-55 to 150 

°C 

THERMAL CHARACTERISTICS 

Thermal Resistance Junction to Case 

R0JC 

5.0 

x/w 

Maximum Lead Temperature 

Tl 

300 

°c 


IRFF330 

IRFF333 

CASE 79-05, STYLE 6 
TO-39 (TO-205AF) 



2^1 Gsts 


TMOS FET 
TRANSISTORS 

IM-CHANNEL — ENHANCEMENT 


1.6 mm from Case for 10 s | \ 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage IRFF 

(Vqs = Or \d = 250 ixA) IR^ 

Zero Gate Voltage Drain Current (Vqs = Rated VqsS' = 0) 

Gate-Body Leakage Current, Forward (Vqs = 20 Vdc, Vqs = 0) 

Gate-Body Leakage Current, Reverse (Vqs = -20 Vdc, Vps = 0) 

ON CHARACTERISTICS* 


V(BR)DSS 


Gate Threshold Voltage (Vps = ^GS' Id == 250 /xA) 

— 

VGS(th) 

2.0 

4.0 

Vdc 

Static Drain-Source On-Resistance 

IRFF330 

'■DS(on) 


1.0 

Ohm 

(VgS = 10 Vdc, Id = 2.0 Adc) 

IRFF333 

— 

1.5 


On-State Drain Current 

IRFF330 

iD(on) 

3.5 

— 

A 

(Vqs = 10 V, Vds = 5.0 V) 

IRFF333 

3.0 

— ■ 


Forward Transconductance (Ip = 2.0 A, Vqs = 5.0 V) | 

gfs 

2.0 

- 

mhos 


DYNAMIC CHARACTERISTICS 


Input Capacitance 


Ciss 

— 

900 

Output Capacitance 

(Vds = 25 V, Vqs = 0, 
f - 1 0 MHz) 

^oss 

— 

300 

Reverse Transfer Capacitance 


O^rss 

— 

80 

SWITCHING CHARACTERISTICS* 





Turn-On Delay Time 


td(on) 

— 

30 

Rise Time 

(Vdd - 175 V, Id = 2.0 A, 

tr 

— 

35 

Turn-Off Delay Time 

Pgen == 50 ohms) 

td(off) 

— 

55 

Fall Time 


tf 

- 

35 


SOURCE-DRAIN DIODE CHARACTERISTICS* 

Forward On-Voltage I 


Forward Turn-On Time 
Reverse Recovery Time 
*Pulse Test: Pulse Width * 


(Is = Rated iD(on)' 

Vqs = 0) 


VSD 

— 

1.6 

Vdc 

VSD 

— 

1.5 

Vdc 

Ion 

— 

Negligible 

ns 

trr 

- 

600 (Typ) 

ns 


300 /xs. Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

IRFF430 

iRFF433 

Unit 

Drain-Source Voltage 

VdSS 

500 

450 

Vdc 

Drain-Gate Voltage (Rqs = TO mil) 

VdGR 

500 

450 

Vdc 

Gate-Source Voltage 

VgS 

± 

20 

Vdc 

Drain Current 




Adc 

Continuous 

Id 

2.75 

2.25 


Pulsed 

'dm 

11 

9.0 


Total Power Dissipation @ Tq = 25X 

Pd 

25 

Watts 

Derate above 25°C 


0.2 

W/°C 

Operating and Storage Temperature Range 

Tjr Tgtg 

-55 to 150 

°C 


THERMAL CHARACTERISTICS 


Thermal Resistance Junction to Case 

R0JC 

5.0 

°c/w 

Maximum Lead Temperature 

1.6 mm from Case for 10 s 

tl 

300 

1 

°c 




ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Max [ Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 

IRFF430 

V(BR)DSS 

500 


Vdc 

(Vgs = 0, Id = 250 fiA) 

IRFF433 


450 

— 


Zero Gate Voltage Drain Current (Vps = Rated VdsS' Vqs = 0) 

Idss 

— 

250 

^lAdc 

Gate-Body Leakage Current, Forward (Vqs = 20 Vdc, Vps = 0) 

igssf 

— 

100 

nAdc 

Gate-Body Leakage Current, Reverse (Vqs = -20 Vdc, Vps = 0) 

Igssr 

- 

-100 

nAdc 


ON CHARACTERISTICS* 


Gate Threshold Voltage (Vqs = Vqs^ Id = 250 fiA) 

VGS(th) 

2.0 

4.0 

Vdc 

Static Drain-Source On-Resistance 

IRFF430 

rDS(on) 

— 

1.5 

Ohm 

(Vgs = 10 Vdc, Id = 1.5 Adc) 

IRFF433 

— 

2.0 


On-State Drain Current 

IRFF430 

iD(on) 

2.75 

— 

A 

(Vgs = 10 Vdc, Vds = 5.0 v) 

IRFF433 

2.25 

— 


Forward Transconductance (Vds ^ 5.0 Vdc, Id = 1-5 A) 

gfs 

1.5 

— 

mhos 


DYNAMIC CHARACTERISTICS 


Input Capacitance 

(Vds = 25 V, Vgs = o, 
f = 1.0 MHz) 

Ciss 

— 

800 

PF 

Output Capacitance 

Coss 

— 

200 


Reverse Transfer Capacitance 

^rss 

- 

60 



SWITCHING CHARACTERISTICS* 


Turn-On Delay Time 

(Vdd == 225 V, Id = 1.5 A, 

Pgen == 50 ohms) 

td(on) 


30 

ns 

Rise Time 

tr 

— 

30 

Turn-Off Delay Time 

td(off) 

— 

55 

Fall Time 

tf 

— 

30 


SOURCE-DRAIN DIODE CHARACTERISTICS* 


Forward On-Voltage 

IRFF430 

IRFF433 

(Is = Rated lD(on)» 

Vgs = 0) 

VSD 

— 

1.4 

Vdc 

VSD 

— 

1.3 

Vdc 

Forward Turn-On Time 

ton 

— 

Negligible 

ns 

Reverse Recovery Time 

trr 

- 

800 (Typ) 

ns 


*Pulse Test: Pulse Width ^ 300 fis, Duty Cycle 2.0%, 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Drain-Gate Voltage 

VdG 

-25 

Gate-Source Voltage 

VgS 

-25 

Gate Current 

Ig 

10 

Total Device Dissipation @ Ta = 25°C 

Pd 

310 

Derate above 25°C 


2.82 

Junction Temperature Range 

Tj 

135 

Storage Channel Temperature Range 

Tsta 

- 65 to +150 
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J107 thru JllO 


Unit 

Vdc 

Vdc 

mAdc 

mW 

mW/°C 

°C 

°C 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 



JFET 

GENERAL-PURPOSE 

TRANSISTORS 

N-CHANNEL — DEPLETION 


Symbol | Min | Typ I Max Unit 


V(BR)GSS 

-25 

— 

— 

Vdc 

Igss 



-3.0 

nAdc 


— 

— 

-200 


VGS(off) 1 

-0.5 


-4.5 

Vdc 


-3.0 

— 

-10 



-2.0 

— 

-6.0 


1 

-Qj.. 1 

1 

-4.0 



loss 

100 



mAdc 


80 

— 

— 



40 

— 

— 



10 

— 

— 


rDSIon) 



8.0 

ohms 


— 

— 

8.0 



— 

— 

12 



— 

— 

18 



^dg{on) 

+ 

— 

— 

85 

PF 

Csg(on) 





Cdg(off) 

— 

— 

15 

PF 

^sg(off) 

— 

— 

15 

pF 


FETs AND DIODES 





Id, drain current (mA) ^DS(on). DRAIN-SOURCE ON-RESISTANCE (OHMS) 


J107 thru J110 


FIGURE 1 — COMMON SOURCE INPUT 
CAPACITANCE versus GATE-SOURCE VOLTAGE 



0 - 4.0 - 8.0 -12 -16 -20 

Vqs, GATE-SOURCE VOLTAGE (VOLTS) 


FIGURE 3 — ON-RESISTANCE versus GATE-SOURCE 
CUTOFF VOLTAGE 



0 - 1.0 - 2.0 - 3.0 - 4.0 - 5.0 - 6.0 - 7.0 - 8.0 

VGS(off)- gate-source CUTOFF VOLTAGE (VOLTS) 


FIGURE 2 — COMMON SOURCE REVERSE FEEDBACK 
CAPACITANCE versus GATE-SOURCE VOLTAGE 



0 - 4.0 - 8.0 -12 -16 -20 


Vqs, GATE-SOURCE VOLTAGE (VOLTS) 


FIGURE 4 — OUTPUT CHARACTERISTIC 

VGS(off) = -2.0 V 



FIGURE 5 — OUTPUT CHARACTERISTIC 


FIGURE 6 — OUTPUT CHARACTERISTIC 


VGS(off) = -30 V 


VGS(off) = -4.0 V 
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J107 thru J110 


FIGURE 7 — OUTPUT CHARACTERISTIC 


VQSIoff) = -50 V 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Drain-Gate Voltage 

VdG 

-35 

Gate-Source Voltage 

Vgs 

-35 

Gate Current 

Ig 

50 

Total Device Dissipation @ T/^ = 25X 

Pd 

625 

Derate above 25X 


5.68 

Lead Temperature 

tl 

300 

Operating and Storage Junction 
Temperature Range 

Tj/ Tstg 

-55 to +^50 



ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted. 

Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 

(Ig = -1.0 M) 

Gate Reverse Current 

(Vgs - -15 V) 

Gate Source Cutoff Voltage 

(Vds = 5.0 V, Id = 10 M) Jill 

J112 

J113 

Drain-Cutoff Current 

(Vps = 5.0 V, Vgs - -io v) 

ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* 

(Vds= 15V) Jill 

J112 

J113 


Jill 
J112 
J113 

Drain Gate and Source Gate On-Capacitance 

(Vds = Vgs = o,f = 1.0 mhz) 

Drain Gate Off-Capacitance 

(VqS = -10 V, f = 10 MHz) 

Source Gate Off-Capacitance 

(Vgs = -10 V, f = 1-0 MHz) 


Static Drain-Source On Resistance 
(Vds = 0.1 V) 


*Pulse Width = 300 fis, Duty C/cle = 3.0%. 
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Jill thru J113 


Unit 

Vdc 

Vdc 

mA 

mW 

mW/°C 

°C 

X 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 



JFET 

CHOPPER TRANSISTORS 

N-CHANNEL — DEPLETION 


V(BR)GSS 

35 

— 

Vdc 

igss 


-1.0 

nA 

VGS(off) 

-3.0 

-10 

V 


-1.0 

-5.0 



-0.5 

-3.0 


'D(off) 

— 

1.0 

i 

nA 


Idss 

20 


mA 


5.0 

— - 



2.0 

— 


XSIon) 


30 

Ohms 


— 

50 



— 

100 


Cdg(on) 

— 

28 

pF 

+ 




o 

O 




Cdg{off) 

— 

5.0 

PF 

^sg(off) 

— 

5.0 

pF 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

30 

Vdc 

Drain-Gate Voltage 

VdG 

30 

Vdc 

Gate-Source Voltage 

Vqs 

30 

Vdc 

Gate Current 

ig 

50 

mA 

Total Device Dissipation @ Ta = 25°C 

Pd 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Storage Temperature Range 

Tstg 

- 65 to +150 

°C 


J174 thru J177 


CASE 29-04, STYLE 30 
TO-92 (TO-226AA) 



1 urain 

Gate \. I I / 

3 Source 


JFET 

CHOPPER TRANSISTORS 

P-CHANNEL — DEPLETION 
Refer to MPF970 for graphs. 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max I Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 

(Ig = i-0aA) ! 

V(BR)GSS 

30 

— 

Vdc 

Gate Reverse Current 

'gss 

— 

1.0 

nA 

(Vqs = 20 Volts) 





Gate Source Cutoff Voltage 

VGS(off) 



Vdc 

(Vqs = V, Id = -10 nA) J174 , 


5.0 

10 


J175 


3.0 

6.0 


J176 


1.0 

4.0 


J177 


0.8 

2.5 



ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vds = -15 V) 

J174 

J175 

J176 

J177 

'dss* 

-2.0 

-7.0 

-2.0 

-1.5 

-100 

-60 

-25 

-20 

mA 

Static Drain-Source On Resistance 


rDSIon) 



a 

(Vds ^ -0.1 Volt) 

J174 


— 

85 



J175 


— 

125 



J176 


— 

250 



J177 


— 

300 



*Pulse Width = 300 /xs. Duty Cycle ^ 3.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

40 

Vdc 

Drain-Gate Voltage 

VdG 

40 

Vdc 

Gate-Source Voltage 

vgs 

40 

Vdc 

Gate Current 

Ig 

50 

mA 

Total Device Dissipation @ Ta = 25°C 

Pd 

310 

mW 

Derate above 25°C 


2.82 

mwrc 

Storage Temperature Range 

"^stg 

— 65 to +150 

°C 


J201 thru J203 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 



JFETs 

LOW FREQUENCY/LOW NOISE 

N-CHANNEL — DEPLETION 


Refer to 2N4220 for graphs. 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(iQ = -1.0 aA) 

V(BR)GSS 

-40 

— 

Vdc 

Gate Reverse Current 

'gss 

— 

-100 

pA 

(Vgs = -20 V) 





Gate Source Cutoff Voltage 

VGS(off) 



Vdc 

(VdS = 20 V, Id = 10 nA) J201 


-0.3 

-1.5 


J202 


-0.8 

-4.0 


J203 


-2.0 

-10.0 



ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 


Idss* 



mA 

(Vds = 20 V) 

J201 


0.2 

1.0 



J202 


0.9 

4.5 



J203 


4.0 

20.0 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 

lyfsl" 



/Ltmhos 

(Vds = 20 V, f = 1.0 kHz) J201 


500 

— 


J202 


1000 

— 


J203 


1500 

— 



*Pulse Width 2.0 ms. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

30 

Vdc 

Drain-Gate Voltage 

VdG 

30 

Vdc 

Gate-Source Voltage 

vgs 

30 

Vdc 

Gate Current 

•g 

50 

mA 

Total Device Dissipation @ Ta = 25°C 

Pd 

360 

mW 

Derate above 25°C 


3.27 

mW/°C 

Storage Temperature Range 

'''stg I 

- 65 to +150 

X 


J270 


CASE 29-04, STYLE 30 
TO-92 (TO-226AA) 



JFET 

CHOPPER TRANSISTOR 

P-CHANNEL — DEPLETION 


Refer to MPF970 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic [ Symbol [ Min | Max [ Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 

(Ig = i-OM) 

V(BR)GSS 

30 

— 

Vdc 

Gate Reverse Current 
(Vgs = 20 Volts) 

'GSS 

— 

200 

pA 

Gate Source Cutoff Voltage 
(VdS = -15 V, Id = -l O nA) 

VGS(off) 

0.5 

1 

2.0 

Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current i 

Idss* 

-2.0 

-15 

mA 

(Vds=-15V) I 






SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(VdS = -15 V, f = 1.0 kHz) 

IVfsl 

6000 

15000 

/imhos 

Output Admittance 
(VdS = -15 V, f = 1.0 kHz) 

IVosI 

— 

200 

Amhos 

Input Capacitance 
(VdS = -15 V, f = 1.0 MHz) 

^iss 

— 

32 

pF 

Reverse Transfer Capacitance i 

(VdS = -15 V, f = 1.0 MHz) 

Crss 

— 

8.0 

pF 


*Pulse Width ^ 2.0 ms. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Gate Voltage 

VdG 

-25 

Vdc 

Gate Current 

Ig 

10 

mA 

Total Device Dissipation @ Ta = 25°C 

Pd 

350 

mW 

Derate above 25°C 


3.5 

mW/X 

Lead Temperature 

Tl 

300 

°C 

(1/16" from Case for 10 Seconds) 




Junction Temperature Range 

Tj 

- 55 to +150 

X 

Storage Temperature Range 

^stg 

— 55 to +150 

X 


J300 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 



JFET 

HIGH FREQUENCY AMPLIFIER 

N-CHANNEL — DEPLETION 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min I Max I Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq = -1.0 fjbA, Vds = 0) 

V(BR)GSS 

-25 


Vdc 

Gate Reverse Current 
(Vqs = -15 V, Vds = 0) 

'gss 

— 

500 

pA 

Gate Source Cutoff Voltage 
(Vds = 10 V, Id = i.o mA) 

VGS(off) 

-1.0 

-6.0 

Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vds = 10 V, Vqs = o) 

'dss 

6.0 

30 

mA 

Gate-Source Forward Voltage 

(Vds = 0, Ig = i.omA) 

VGS(f) 


1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 10 V, Id = 5.0 mA, f = 1.0 kHz) 

IVfsl 

4500 

9000 

/xmhos 

Output Admittance 

(Vds = 10 V, Id = 5.0 mA, f = 1.0 kHz) 

IVosI 

— 

200 

//.mhos 

Input Capacitance 

(Vds = 10 V, Id = 5.0 mA, f = 1.0 MHz) 

Ciss 

— 

5.5 

PF 

Reverse Transfer Capacitance 
(Vds = 10 V, Id = 5.0 mA, f = 1.0 MHz) 

Cfss 

— 

1.7 

PF 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Gate Voltage 

VdG 

-30 

Vdc 

Gate-Source Voltage 

Vqs 

-30 

Vdc 

Gate Current 

ig 

10 

mA 

Total Device Dissipation @ T/^ = 25°C 

Pd 

350 

mW 

Derate above 25°C 


3.5 

mW/°C 

Lead Temperature 
(1/16" from Case for 10 Seconds) 

Tl 

300 

°C 

Operating and Storage Junction 
Temperature Range 

Tjf Tgtg 

— 55 to +150 

°C 


J304 

J305 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 



JFET 

HIGH FREQUENCY 
AMPLIFIERS 

N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic T Symbol 1 Min I Max ] Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq = 1.0 fiA, VdS = 0) 

V(BR)GSS 

30 

— 

Vdc 

Gate Reverse Current 

(Vgs = -20 V, Vds = 0) 

'gss 

— 

100 

pA 

Gate Source Cutoff Voltage 

(Vds = 15 V, Id - 1.0 nA) J304 

J305 

VGS(off) 

-2.0 

-0.5 

-6.0 

-3.0 

Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 


'dss 



mA 

(Vds - 15 V, Vgs = o) 

J304 


5.0 

15 



J305 


1.0 

8.0 



SMALL-SIGNAL CHARACTERISTICS 


Output Admittance 

(Vds = 15 V, Vgs = o, f = i.o kHz) 

IVosi 

— 

50 

jumhos 

Forward Transconductance 

(Vds = 15 V, Vgs = O, f = i.o kHz) J304 

J305 

Re(yfs) 

4500 

3000 

7500 

yamhos 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

25 

Vdc 

Gate-Source Voltage 

vgs 

25 

Vdc 

Forward Gate Current 

Igf 

10 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

350 

mW 

Derate above 25°C 


3.5 

mW/X 

Junction Temperature Range 

Tj 

-55 to +125 

X 

Storage Temperature Range 

Istg 

- 55 to +150 

X 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 


J308 thru J310 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 



2 Source 


JFET 

VHF/UHF AMPLIFIERS 

N-CHANNEL — DEPLETION 


Refer to U308 for graphs. 


Characteristic 


Symbol 


Min 


Typ 


Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 

(Ig = -1.0/iA, Vds = 0) 

V(BR)GSS 

-25 

— 

— 

Vdc 

Gate Reverse Current 

'gss 





(Vgs = -15 V, Vds = 0, Ta = 25X) 


— 

— 

-1.0 

nA 

(Vgs = -15 V, Vds = o, Ta = + 125X) 


— 

— 

-1.0 

IxA 

Gate Source Cutoff Voltage 

VGS(off) 




Vdc 

(Vps = 10 V, Id = 1-0 nA) J308 


-1.0 

— 

-6.5 


J309 


-1.0 

— 

-4.0 


J310 ’ 


-2.0 

— 

-6.5 



ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Currentd) 

(Vds = 10 V, Vgs = o) J308 

J309 

J310 

Idss 

12 

12 

24 

- 

60 

30 

60 

mA 

Gate-Source Forward Voltage 
(Vds = 0, Ig = 1.0 mA) 

VGS(f) 

— 

— 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Common-Source Input Conductance 
(Vds = 10 V, Id = 10 mA, f = 100 MHz) J308 

J309 

J310 

Re(yis) 

- 

0.7 

0.7 

0.5 

- 

mmhos 

Common-Source Output Conductance 
(Vds = 10 V, Id = 10 mA, f = 100 MHz) 

Re(yos) 

— 

0.25 

— 

mmhos 

Common-Gate Power Gain 
(Vds = 10 V, Id = 10 mA, f = 100 MHz) 

^pg 

— 

16 

— 

dB 

Common-Source Forward Transconductance 
(Vds = 10 V, Id = 10 mA, f = 100 MHz) 

Re(yfs) 

— 

12 

— 

mmhos 

Common-Gate Input Conductance 
(Vds = 10 V, Id = 10 mA, f = 100 MHz) 

Re(yjg) 

— 

12 

— 

mmhos 

Common-Source Forward Transconductance 
(Vds = 10 V, Id = 10 mA, f = 1.0 kHz) J308 

J309 

J310 

gfs 

8000 

10000 

8000 

- 

20000 

20000 

18000 

/xmhos 

Common-Source Output Conductance 
(Vds = 10 V, Id = 10 mA, f = 1.0 kHz) 

Qos 

- 

- 

250 

/Ltmhos 
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J308 thru J310 
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MAXIMUM RATINGS 


JF1033B, S, Y 

CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

20 

Vdc 

Gate-Source Voltage 

VgS 

25 

Vdc 

Drain Current 

Id 

20 

mA 

Forward Gate Current 

Igf 

10 

mA 

Total Device Dissipation @ T/^ = 25°C 

Pd 

310 

mW 

Derate above 25°C 


2.82 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj/ Tstg 

-65 to +150 

°C 



JFET 

HIGH FREQUENCY AMPLIFIERS 

N-CHANNEL DEPLETION 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = -10 /iA) 

V(BR)GSS 

-25 

— 

Vdc 

Drain-Source Breakdown Voltage 
(Id = 10 fiA) 

V(BR)DGO 

20 

— 

Vdc 

Gate Reverse Current 

(Vgs = -10 V, Vds = 0) 

Igss 

— 

-100 

nA 

Gate Source Cutoff Voltage 

(Vds = 10 V, Id = io tiA) 

VGS(off) 

-1.0 

-8.0 

Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 


Idss 



mA 

(Vds = 10 V, Vgs = o) 

JF1033Y 


2.5 

6.0 



JF1033B 


5.0 

12.0 



JF1033S 


10.0 

20.0 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transconductance 

Re(yfs) 

4.5 

13.0 

mmhos 

(Vds = 10 V, Vgs = o, f = i.o kHz) 






FUNCTIONAL CHARACTERISTICS 


Noise Figure 

NF 

— 

2.5 

dB 

(Vds = 10 V, Vgs = o, f = 100 mhz) 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

+ 25 

Vdc 

Drain Current 

Id 

30 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

300 

mW 

Derate above 25°C 


1.7 

mW/°C 

Operating and Storage Junction 

^stg 

-65 to +175 

°C 

Temperature Range 




IVIFE120 

thru 

IVIFE122 


CASE 20-03, STYLE 9 
TO-72 (TO-206AF) 



DUAL-GATE MOSFET 
VHF AMPLIFIERS 

N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit | 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(Id = 100 ^Adc, Vs = 0, Vqis = “^ O V, Vg2S = + 4.0 V) 

V(BR)DSX 

25 

— 

— 

Vdc 

Gate 1 -Source Breakdown Voltage 

(Iqi = ±10AAdc, Vg2S = 0) 

V(BR)G1SO 

±7.0 

— 

±20 

Vdc 

Gate 2-Source Breakdown Voltage 
(IG2 = ±10 /xAdc, Vg2S = 0) 

V(BR)G2SO 

±7.0 

— 

±20 

Vdc 

Gate 1 Leakage Current 
(VgiS = +6.0 Vdc, Vg2S = 0, Vqs = 0) 

'giss 

— 

— 

20 

nAdc 

Gate 2 Leakage Current 
(Vg2S - +6.0 Vdc, Vgis = 0, Vqs = 0) 

IG2SS 

— 

— 

20 

nAdc 

Gate 1 to Source Cutoff Voltage 
(Vds = 15 Vdc, Vg2S = 4.0 Vdc, Id = 200 ^Adc) 

VGIS(off) 


— 

-4.0 

Vdc 

Gate 2 to Source Cutoff Voltage 
(Vds = 15 Vdc, Vgis = o, id = 200 ixAdc) 

VG2S(off) 


— 

-4.0 

Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 


Idss 




mAdc 

(Vds = 15 Vdc, Vgis = 0, vg2s = 4.o vdc) 

MFE120 


2.0 

7.0 

18 



MFE121 


5.0 

10 

30 



MFE122 


2.0 

9.0 

20 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance (Gate 1 to Drain) 

(Vds = 15Vdc, Vg2S = 4.0 Vdc, 

Id = 10 mAdc, f = 1.0 kHz) 

MFE1 20,22 
MFE121 

lYfsl 

8000 

10,000 


18,000 

20,000 

Amhos 

Input Capacitance 


Ciss 




PF 

(Vds = 15 Vdc, Vg 2S = 4.0 Vdc, 

MFE1 20,22 


— 

4.5 

7.0 


Id = IdSS' f = 1.0 MHz) 

MFE121 


— 

4.5 

6.0 


Reverse Transfer Capacitance 


Crss 

— 

0.023 

— 

PF 

(Vds = 15 Vdc, Vg 2S = 4.0 Vdc, 







Id = 6.0 mAdc, f = 1.0 MHz) 




1 



Output Capacitance 


Coss 




pF 

(Vds = 15 Vdc, Vg 2S = 4.0 Vdc, 

MFE 120,22 


— 

2.5 

4.0 


Id = 'DSS^f = 10 MHz) 

MFE121 



— 

2.5 

3.5 
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MFE120 thru MFE122 


ELECTRICAL CHARACTERISTICS (continued) (T>\ = 25X unless otherwise noted.) 


I Characteristic 

I Symbol | 

Min 

I Typ 

I Max 

Unit I 

FUNCTIONAL CHARACTERISTICS 







Noise Figure 


NF 




dB 

(Vds = 15 Vdc, Vg 2S = 4.0 Vdc, 

Id = 6.0 mAdc, Zs is optimized for NF) 







(f = 105 MHz — Figure 1) 

MFE120 


— 

2.9 

5.0 


(f = 60 MHz — Figure 3) 

MFE121 


— 

2.6 

5.0 


(f = 200 MHz — Figure 3) 

MFE121 


— 

2.6 

5.0 


Common Source Power Gain 


Gps 




dB 

(Vds = 15 Vdc, Vg 2S = 4.0 Vdc, 

Id = 6.0 mAdc, Zs is optimized for NF) 







(f = 105 MHz — Figure 1) 

MFE120 


17 

19.6 

— 


(f = 60 MHz — Figure 3) 

MFE121 


20 

27.8 

— 


(f = 200 MHz — Figure 3) 

MFE121 


17 

18.6 

— 


Level of Unwanted Signal for 1.0% Cross Modulation 


— 

_ 

100 

— 

mV 

(Vds = 15 Vdc, Vg 2S == 4.0 Vdc, Id = 6.0 mAdc) 







Common-Source Conversion Power Gain (Gate 1 Injection, Figure 2) I 

Gc 




dB 

(Vds = 15 Vdc, Vg 2S 4.0 Vdc, Local 

Oscillator Voltage = 925 mVrms) 







(Signal Frequency = 60 MHz, Local Oscillator 
Frequency =104 MHz) 

MFE122 


15 

16.5 

_ 


(Signal Frequency = 200 MHz, Local Oscillator 
Frequency = 244 MHz) 

MFE122 


12 

13.3 

— 




FIGURE 1 — 60, 105 AND 200 MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT 


+ 15V LI L2 



All Feedthrough Capacitors 1000 pf. 

All Variable Capacitors JOHANSON JMC2951, 3.0-15 pF 
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gfs, FORWARD TRANSFER CONDUCTANCE (mmhos) 9is, CONDUCTANCE (mmhos) 


MFE120 thru MFE122 


FIGURE 3-60 AND 200 MHz CONVERSION POWER GAIN 


VqG Vdd 



Li 2y2 T #18, yV' diameter center tapped 

L 2 3y2 T #18, Vie" diameter tapped y 2 T from cold end 

C = ^lF unless otherwise specified 


COMMON-SOURCE ADMITTANCE PARAMETERS 
(Vds = 15 Vdc, Vq 2 s = 4 0 Vdc, 1^ = 6.0 mAdc) 


FIGURE 4 - INPUT ADMITTANCE FIGURE 5 - REVERSE TRANSFER ADMITTANCE 




FIGURE 6 - FORWARD TRANSFER ADMITTANCE 



FIGURE 7 - OUTPUT ADMITTANCE 
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bos, input SUSCEPTANCE (mmhos) 





MFE120 thru MFE122 


FIGURE 8 - GAIN REDUCTION 


FIGURE 9 - CONVERSION POWER GAIN 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

25 

Vdc 

Drain Current 

Id 

30 

mAdc 

Total Device Dissipation Ta = 25°C 

pd 

300 

mW 

(Package Limitation) 




Derate above 25°C 


1.71 

mW/X 

Operating and Storage Channel 

^channel 

-65 to +175 

X 

Temperature Range 

Tstg 




IVIFE130 

thru 

IVIFE132 

CASE 20-03, STYLE 9 
TO-72 (TO-206AF) 



DUAL-GATE 
MOSFET 
VHF AMPLIFIERS 

N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
(Id = 10 ^lAdc, Vs = 0, Vqi = -4.0 V, Vqz = +4.0 V) 

V(BR)DSX 

25 

— 


Vdc 

Gate 1 -Source Breakdown Voltage 
(IqI = ±10AAdc, Vg2S = 0) 

V(BR)G1SO 

±7.0 

— 

±20 

Vdc 

Gate 2-Source Breakdown Voltage 
(IG2 = ±10 ixAdc, Vg2S = 0) 

V(BR)G2SO 

±7.0 

— 

±20 

Vdc 

Gate 1 Leakage Current 
(VgiS = ±6.0 Vdc, Vg2S = 0, Vqs = 0) 

igiss 

— 

— 

20 

nAdc 

Gate 2 Leakage Current 
(Vg 2S = ±6.0 Vdc, Vgis = 0, Vqs = 0) 

IG2SS 

— 

— 

20 

nAdc 

Gate 1 to Source Cutoff Voltage 
(VdS = 15 Vdc, Vg 2S = 4.0 Vdc, Iq = 200 fiAdc) 

VGIS(off) 

— 

— 

-4.0 

Vdc 

Gate 2 to Source Cutoff Voltage 
(Vds = 15 Vdc, Vgis = 0^ Id = 200 /^Adc) 

VG2S(off) 

— 

— 

-4.0 

Vdc 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current 
(Vds = 15 Vdc, Vgis = 0, Vg 2S = 4.o vdc) 

Idss 

3.0 

— 

10 

30 

mAdc 


SMALL-SIGNAL CHARACTERISTICS 



Forward Transfer Admittance (Gate 1 connected to Drain) 

(Vds = 15 Vdc, Vg 2S = 4.0 Vdc, Id = 10 mAdc, f = 1.0 kHz) 

IVfsl 

8000 

— 

20000 

/imhos 

Input Capacitance 

(Vds = 15 Vdc Vg 2S = 4.0 Vdc, Id = IdSS' f = 10 MHz) 

Ciss 

— 

4.5 

7.0 

pF 

Reverse Transfer Capacitance 

(Vds = 15 Vdc, Vg 2S = 4.0 Vdc, Id = 6.0 mAdc, f = 1.0 MHz) 

^rss 

— 

0.023 

0.05 

pF 

Output Capacitance 

(Vds = 15 Vdc, Vg 2S = 4.0 Vdc, Id = IdSS^ f = 1.0 MHz) 

Cqss 

— 

2.5 

4.0 

pF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure (Figure 7) 


NF 




dB 

(Vds = 15 Vdc, Vg 2S = 4.0 Vdc, 







Id = 6.0 mAdc, Zs is optimized for NF) 







(f = 105 MHz) 

MFE130 


— 

2.9 

5.0 


(f = 60 MHz) 

MFE131 


— 

2.5 

5.0 


(f = 100 MHz) 

MFE131 


— 

3.0 

5.0 
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MFE130 thru MFE132 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

Common Source Power Gain (Figure 7) 


Gps 




dB 

(Vds = 15 Vdc, Vg 2S = 4.0 Vdc, 

Id = 6.0 mAdc, 2$ is optimized for NF) 







(f = 105 MHz) 

MFE130 


17 

23 

— 


(f = 60 MHz) 

MFE131 


20 

27 

— 


(f = 200 MHz) 

MFE131 


17 

20 

— 


Level of Unwanted Signal for 1.0% Cross Modulation 


— 

— 

100 

_ 

mV 

(Vds = 15 Vdc, Vg 2S = 4.0 Vdc, Id = 6.0 mAdc) 







Common-Source Conversion Power Gain (Gate 1 Injection, Figure 8) 

Gc 




dB 

(Vds = 15 Vdc, Vg 2S = 4.0 Vdc, Local 

Oscillator Voltage = 925 mVrms) 







(Signal Frequency = 60 MHz, Local Oscillator 
Frequency = 104 MHz) 

(Signal Frequency = 200 MHz, Local Oscillator 

MFE132 


15 

16.5 

- 


Frequency = 244 MHz) 

MFE132 


12 

14 

— 




COMMON-SOURCE ADMITTANCE PARAMETERS 

(Vds “ 15 Vdc, Vg 2S ~ ^ 0 Vdc, Ip = 6.0 mAdc) 


FIGURE 1 - INPUT ADMITTANCE FIGURE 2 - REVERSE TRANSFER ADMITTANCE 



FIGURE 3- FORWARD TRANSFER ADMITTANCE 


FIGURE 4 - OUTPUT ADMITTANCE 
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MFE130 thru MFE132 


FIGURE 5 - GAIN REDUCTION FIGURE 6 - CONVERSION POWER GAIN 



-2.0 0 +2.0 +4.0 +6.0 +8.0 0.5 0.75 1.0 1.25 1.5 

Vg2, gate 2 TO GROUND VOLTAGE (VOLTS) LOCAL OSCILLATOR INJECTION LEVEL AT GATE 1 (Vrms) 


FIGURE 7 - 60, 105 AND 200 MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT 



All Feedthrough Capacitors 1000 pF 

All Variable Capacitors JOHANSON JMC2951, 3.0-15 pF 


4 


FIGURE 8-60 AND 200 MHz CONVERSION GAIN TEST CIRCUIT 


+24 



- 

R1 

” ” LI 

L2 

L3 

L4 

60 MHz 

10k 

10 Turns #22 Enameled 
on MILLER 4500-4 Core 

0.33 mH 
DELEVAN 

15 Turns #26 Enameled 
on MILLER 4500-1 Core 

4 Turns #26 Enameied 
on Same Coreas L3 

200 MHz 

1.0 k 

3 1/2 Turns #18, 1/4" 
Dia., 1/2" Long 

2 1/2 Turns 
#18,3/8" Dia., 
1/2" Long 

1 5 T urns #26 Enameled 
on MILLER 4500-1 Core 

4 Turns #26 Enameled 
on Same Core as L3 


All Feedthrough Capacitors 1000 pF. 

Ail Variable Capacitors JOHANSON JMC2951, 3.0-15 pF. 
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N-CHANNEL DUAL-GATE 
SILICON-NITRIDE PASSIVATED 
MOS FIELD-EFFECT TRANSISTORS 

. . . depletion mode dual gate transistors designed for VHF amplifier and 
mixer applications. 

• MFE201 — VHF Amplifier 
MFE202 — VHF Mixer 
MFE203 — IF Amplifier 

• Low Reverse Transfer Capacitance — 

Cj'gg = 0.03 pF (Max) 

• High Forward Transfer Admittance — 

lyfsl = 8-20 mmhos — MFE201, MFE202 
= 7-15 mmhos — MFE203 

• Diode Protected Gates 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdSX 

20 

Vdc 

Drain-Gate Voltage 

VdGI 

30 

Vdc 


VdG2 

30 


Gate Current 

'gi 

±10 

mAdc 


IG2 

±10 


Drain Current — Continuous 

Id 

50 

mAdc 

Total Power Dissipation @ Ta = 25°C 

Pd 

360 

mW 

Derate above 25°C 


2.4 

mW/X 

Total Power Dissipation @ Tq = 25°C 

Pd 

1.2 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Storage Channel Temperature Range 

I'stg 

-65 to +200 

X 

Junction Temperature Range 

Tj 

-65 to +175 

X 

Lead Temperature, 1/16" From Seated 

Tl 

300 

X 

Surface for 10 Seconds 





MFE201 

thru 

IVIFE203 

CASE 20-03, STYLE 9 
TO-72 (TO-206AF) 



MOSFETs 

N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(Id = 10 ixAdc, Vs = 0, VqiS = Vg 2S = “5.0 Vdc) 

V(BR)DSX 

20 


— 

Vdc 

Gate 1 — Source Breakdown Voltage(l) 

(Iqi = ±10mAdc, Vg 2S = ^DS = 0) 

V(BR)G1SO 

±6.0 

±12 

±30 

Vdc 

Gate 2 — Source Breakdown Voltage(l) 

{IG2 = ±10 mAdc, Vgis = Vqs = 0) 

V(BR)G2SO 

±6.0 

±12 

±30 

Vdc 

Gate 1 to Source Cutoff Voltage 
(Vds = 15 Vdc, Vg 2S “ Vdc, Iq = 20 /xAdc) 

VGIS(off) 

-0.5 

-1.5 

-5.0 

Vdc 

Gate 2 to Source Cutoff Voltage 
(Vds = 15 Vdc, Vgis = 0. Id = 20 /nAdc) 

VG2S(off) 

-0.2 

-1.4 

-5.0 

Vdc 

Gate 1 Leakage Current 
(VqiS = ±5.0 Vdc, Vg2S = Vqs = 0) 

(VG2S = -5.0 Vdc, Vg2S = VqS = 0, Ta = 150X) 

Igiss 

- 

±0.04 

±10 

-10 

nAdc 
fjL Adc 

Gate 2 Leakage Current 

(Vg 2 s = ±5.0 Vdc, Vgis = vds = o) 

(VG2S = -5.0 Vdc, Vgis = Vps = O, Ta = 150X) 

IG2SS I 

1 

- 

±0.05 

±10 

-10 

nAdc 

/iAdc 


ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current(2) 

Idss 




mAdc 

(Vds = 15 Vdc, Vgis = 0, Vg 2S = 4.0 Vdc) MFE201, MFE202 

6.0 

13 

30 


MFE203 


3.0 

11 

15 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance(3) 

(Vds = 15 Vdc, Vg 2S = 4.0 Vdc, Vgis = 0, f = 1.0 kHz) 

MFE201, MFE202 
MFE203 

IVfsl 

8.0 

7.0 

12.8 

12.5 

20 

15 

mmhos 

Input Capacitance 

(Vds = 15 Vdc, Vg 2S = 4.0 Vdc, Id = IdSS' f = 1.0 MHz) 

L^iss 

— 

4.3 

— 

pF 

Output Capacitance 

(Vds = 15 Vdc, Vg 2S = 4.0 Vdc, Id = IdSS' f = 1.0 MHz) 

Cqss 

— 

1.7 

— 

pF 

Reverse Transfer Capacitance 

(Vds = 15 Vdc, Vg 2S = 4.0 Vdc, Id = 10 mAdc, f = 1.0 MHz) 

Crss 

0.005 

0.014 

0.03 

pF 
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MFE201 thru MFE203 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 

(Vdd = 18 Vdc, Vqg = 7.0 Vdc, f = 200 MHz) (Figure 1) MFE201 
(Vdd = 18 Vdc, Vqg = 6.0 Vdc, f = 45 MHz) (Figure 3) MFE203 

NF 

_ 

1.8 

5.3 

4.5 

6.0 

dB 

Common Source Power Gain 

^ps 




dB 

(Vdd = 18 Vdc, VgG = 7.0 Vdc, f = 200 MHz) (Figure 1) MFE201 


15 

20 

25 


(Vdd = 18 Vdc, Vgg = 6.0 Vdc, f = 45 MHz) (Figure 3) MFE203 


20 

25 

30 


(Vdd = 18 Vdc, fLO = 245 MHz, fRp = 200 MHz) (Figure 2) MFE202 

Gc(5) 

15 

19 

25 


Bandwidth 

BW i 




MHz 

(Vdd = 18 Vdc, Vgg = 7.0 Vdc, f = 200 MHz) (Figure 1) MFE201 


5.0 

— 

9.0 


(Vdd = 18 Vdc, fLO = 245 MHz, fpp = 200 MHz) (Figure 2) MFE202 


4.5 

— 

7.5 


(Vdd = 18 Vdc, Vgg = 6.0 Vdc, f = 45 MHz) (Figure 3) MFE203 


3.0 

— 

6.0 


Gain Control Gate-Supply Voltage(4) 

VgG(GC) 




Vdc 

(Vdd = 18 Vdc, AGps = -30 dB, f = 200 MHz) (Figure 1) MFE201 

1 

0 

-1.0 

-3.0 


(Vdd = 18 Vdc, AGps = -30 dB, f = 45 MHz) (Figure 3) MFE203 


0 

-0.6 

-3.0 



Notes: 

1. All gate breakdown voltages are measured while the device is conducting rated gate current. This ensures that the gate-voltage limiting network is 
functioning properly. 

2. Pulse Test: Pulse Width = 300 /as, Duty Cycle ^ 2.0%. 

3. This parameter must be measured with bias voltages applied for less than 5 seconds to avoid overheating. 

4. AGpg is defined as the change in Gpg from the value at Vgg = ^ 0 volts (MFE201) and Vqq = 6.0 volts (MFE203). 

5. Power Gain Conversion. 



Cl 4-30 pF, ERIE Variable Ceramic, Set for «= 22 pF L2 3 Turns, #14 AWG Copper, 1/4" I.D., 1/8" Pitch 

C2 4-30 pF, ERIE Variable Ceramic, Set for « 10 pF RFC DELEVAN No. 153712, 1 /aH 

LI 4 Turns, #14 AWG Copper, 1/4" I.D., 1/6" Pitch 


Figure 1. 200 MHz Test Circuit Schematic 
For MFE201 




1 
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TRANSFER ADMIHANCE {mmho) 


MFE201 thru MFE203 



Ll 14 Turns, #30 AWG Copper, Close-Wound 7/32" OD form with 
ARNOLD ENGINEERING "J" Tuning Core 
L2 10 Turns, #30 AWG Copper, Close- Wound 7/32" OD form with 
ARNOLD ENGINEERING "J" Tuning Core 

Figure 3. 45 MHz Test Circuit Schematic 
MFE203 


TYPICAL CHARACTERISTICS 



0 2 4 6 8 10 12 14 16 18 20 - 1.5 -1 - 0.5 0 + 0.5 +1 


Vds, DRAIN-TO-SOURCE voltage (VOLTS) VgiS- GATE-ONE-TO-SOURCE voltage (VOLTS) 

Figure 4. Drain Current versus Drain-to-Source Voitage D™!" Current versus 

Gate-One-to-Source Voltage 



Id, drain current (mA) Vqis- GATE-ONE-TO-SOURCE voltage (VOLTS) 

Figure 6. Small-Signal Common-Source Gate-One Figure 7. Small-Signal Common-Source Gate-One 

Forward Transfer Admittance versus Drain Current Forward Transfer Admittance versus 

Gate-One-to-Source Voltage 
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MFE201 thru MFE203 


TYPICAL CHARACTERISTICS 



Vg2S- GATE-TWO-TO-SOURCE voltage (VOLTS) 


Figure 8. Small-Signal Common-Source Gate-One 
Forward Transfer Admittance versus 
Gate-Two-to-Source Voltage 



Figure 10. Common-Source Power Gain and Spot 
Noise Figure versus Drain Current 



Figure 12. Common-Source Power Gain versus Drain 
Supply Current — MFE201 



Figure 9. Small-Signal Common-Source Gate-One 
Input and Output Capacitance versus 
Gate-Two-to-Source Voltage 



Figure 11. Common-Source Power Gain and Spot 
Noise Figure versus Gain Control Gate-Supply 
Voltage — MFE201 



n l/ I I I 1 I 1 1 I ^ I 

0 1 2 3 4 5 

Vrms, local oscillator input voltage (VOLTS) 


Figure 13. Small-Signal Common-Source Conversion 
Power Gain versus Local Oscillator Input 
Voltage — MFE202 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


4-127 


NF, NOISE FIGURE (dB) 







MFE201 thru MFE203 


TYPICAL CHARACTERISTICS 



-3 -2 -1 0 +1 +2 +3 +4 +5 +6 +7 


VGG(GC)- gain control gate supply voltage (VOLTS) 



f, FREQUENCY (MHz) 


Figure 14. Small-Signal Common Source Insertion 
Power Gain versus Gain Control Gate-Supply 
Voltage ^ MFE203 


Figure 15. Small-Signal Gate One Forward Transfer 
Admittance versus Frequency 




Figure 16. Small-Signal Gate One Input Admittance 
versus Frequency 


Figure 17. Small-Signal Gate One Output Admittance 
versus Frequency 
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INPUT ADMITTANCE (mmhos) 








N-CHANNEL DUAL-GATE 
SILICON-NITRIDE PASSIVATED 
MOS FIELD-EFFECT TRANSISTOR 

. . . depletion mode dual gate transistor designed and characterized for UHF 
communications applications. 

• Package — Hermetic Metal TO-206AF 

• Silicon Nitride Passivation for Excellent Long Term Stability 

• Zener Diode Protected Gates 

• Common Source Power Gain — 

Gps = 28 dB (Min) @ f = 450 MHz 


• Noise Figure — 5.0 dB Max @ f = 450 MHz 

MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdSX 

20 

Vdc 

Drain-Gate Voltage 

VdG 

30 

Vdc 

Drain Current 

Id 

50 

mA 

Reverse Gate Current 

ig 

-10 

mA 

Forward Gate Current 

•gf 

10 

mA 

Total Device Dissipation @ T^ = 25°C 

Pd 

360 

mW 

Derate above 25°C 


2.4 

mW/°C 

Total Device Dissipation @Tq = 25°C 

pd 

1.2 

mW 

Derate above 25°C 


0.8 

mW/°C 

Lead Temperature 

Tl 

300 

X 

Operating and Storage Junction 

Tj» Tstg 

- 65°C to 

X 

Temperature Range 

-H175°C 



MFE204 

CASE 20-03, STYLE 9 
TO-72 (TO-206AF) 



DUAL-GATE 

MOSFETs 

N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage (Ip = 10 fiA, Vqi = Vg2 = -5.0 V) 

V(BR)DSX 

25 

— 

Vdc 

Gate 1-Source Breakdown Voltage (Iqt = ±10 mA) Note 1 

V(BR)G1SO 

±6.0 

±30 

Vdc 

Gate 2-Source Breakdown Voltage (Ig 2 = ±10 mA) Note 1 

V(BR)G2SO 

±6.0 

±30 

Vdc 

Gate 1 Leakage Current (Vgis = ^5.0 V, Vg2S = Vqs = 0) 

IGISS 

_ 

±10 

nA 

Gate 2 Leakage Current (Vg2S = O V, Vgis = Vqs = 0) 

IG2SS 


±10 

nA 

Gate 1 to Source Cutoff Voltage (Vps = 15 V, Vg 2S = 4.0 V, Ip = 20 /lA) 

VGIS(off) 

-0.5 

-4.0 

Vdc 

Gate 2 to Source Cutoff Voltage (Vqs = 15 V, Vgis = 0 V, Ip = 20 /xA) 

VG2S(off) 

-0.2 

-4.0 

Vdc 

ON CHARACTERISTICS 

Zero-Gate Voltage Drain Current* 

(VdS = 15 V, Vg2S = 4.0 V, VgiS = 0 V) 

Idss* 

6.0 

30 

mA 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 

(Vds = 15 V, Vg2S = 4.0 V, VgiS = 0 V, f = 1.0 kHz) Note 2 

lYfsl 

10 

22 

mmhos 

Input Capacitance 

(Vds = 15 V, Vg2S = 4.0 V, Id = 'dSS' f = 10 MHz) 

Ciss 

Typ. 

3.0 

PF 

Reverse Transfer Capacitance 
(Vds = 15 V, Vg2S = 4.0 V, Id = 10 mA, f = 1.0 MHz) 

Crss 

0.005 

0.03 

pF 

Output Capacitance 

(Vds = 15 V, Vg2S = 4.0 V, Id = IdSS^ f = 10 MHz) 

Coss 

Typ. 

1.4 

pF 
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MFE204 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max [ Unit | 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 

NF 



dB 

(Vdd = 18 V, Vqg = 7.0 V, f = 200 MHz) 


— 

3.5 


(Vds = 15 V, Vg2S = 4.0 V, Id = 10 mA, f = 450 MHz) 


— 

5.0 


Common Source Power Gain 

Gps 



dB 

(Vdd = 18 V, Vgg = 7.0 V, f = 200 MHz) 

20 

28 


(Vds = 15 V, Vg2G = 4.0 V, Id = 10 mA, f = 450 MHz) 


14 

— 


Bandwidth 

BW 

7.0 

12 

MHz 

(Vdd = 18 V, Vgg = 7.0 v, f = 200 mhz) 






*PW = 30 fis. Duty Cycle 2.0%. 

Notes: 

1. All gate breakdown voltages are measured while the device is conducting rated gate current. This ensures that the gate-voltage limiting network is 
functioning properly. 

2. This parameter must be measured with bias voltages applied for less than 5 seconds to avoid overheating. 
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N-CHANNEL DUAL-GATE 
SILICON-NITRIDE PASSIVATED 
MOS FIELD-EFFECT TRANSISTOR 

. . . depletion mode dual gate transfer designed and characterized for UHF 
communications applications. 

• Package — 

Hermetic Metal TO-206AF 

• Silicon Nitride Passivation for Excellent Long Term Stability 

• Zener Diode Protected Gates 

• Third Order Intermodulation Distortion Curve Provided 

• Common Source Power Gain — 

Gps = 10 dB (Min) @ f = 500 MHz 

• Noise Figure — 6.0 dB Max @ f = 500 MHz 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdSX 

20 

Vdc 

Drain-Gate Voltage 

VdGI 

30 

Vdc 


VdG2 

30 


Gate Current 

•gir 

-10 

mAdc 


'GIF 

10 



'G2R 

-10 



IG2F 

10 


Drain Current — Continuous 

'd 

30 

mAdc 

Total Power Dissipation @ Ta = 25°C 

pd 

300 

mW 

Derate above 25°C 


1.71 

mW/°C 

Storage Channel Temperature Range 

^stq 

-65 to -1-200 

X 

Operating Channel Temperature 

Tchannel 

200 

X 

Lead Temperature, 1/16" From Seated 

Tl 

260 

X 

Surface for 10 Seconds 





IVIFE209 

CASE 20-03, STYLE 9 
TO-72 (TO-206AF) 



DUAL-GATE 

MOSFETs 

N-CHANNEL — DEPLETION 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 

V(BR)DSX 

20 

— 

_ 

Vdc 

(Id = 10 ixAdc, Vqis = -4.0 Vdc, VqzS = 4.0 Vdc) 





Gate 1 — Source Breakdown Voltage 

V{BR)G1SSF 

7.0 

_ 

22 

Vdc 

(Iqi = 10 mAdc, Vg2S = Vqs = 0) 





Gate 1 — Source Reverse Breakdown Voltage 

V(BR)G1SSR 

-7.0 

— 

-22 

Vdc 

(Iqi = -10 mAdc, Vg2S = ^ds = 0) 





Gate 2 — Source Forward Breakdown Voltage 

V(BR)G2SSF 

7.0 

— 

22 

Vdc 

(1G2 = 10 mAdc, Vgis = VdS = 0) 





Gate 2 — Source Reverse Breakdown Voltage 

V(BR)G2SSR 

-7.0 

— 

-22 

Vdc 

(1G2 = -10 mAdc, Vgis = Vds = 0) 





Gate 1 — Source Cutoff Voltage 

VGIS(off) 

-0.1 

— 

-4.0 

Vdc 

(Vds = 15 Vdc, Vg2S = 4.0 Vdc, Id = 50 fjLAdc) 





Gate 2 — Source Cutoff Voltage 

VG2S(off) 

-0.1 

— 

-4.0 

Vdc 

(Vds = 15 Vdc, Vgis = o, id = so fiAdc) 





Gate 1 — Terminal Forward Current 

'gissf 

— 

— 

20 

nAdc 

(Vgis = e.o vdc, vg 2 s = Vds = o) 





Gate 1 — Terminal Reverse Current 

'gissr 





(Vgis = -e.o vdc, Vg 2 s = Vds = o) 

— 

— 

-20 

nAdc 

(Vgis = -e.o vdc, Vg2s = Vds = o, Ta = i50X) 


— 

— 

-10 

/xAdc 

Gate 2 — Terminal Forward Current 

IG2SSF 

— 

— 

20 

nAdc 

(Vg2s = 6-0 Vdc, Vgis = Vds = o) 





Gate 2 — Terminal Reverse Current 

IG2SSR 





(Vg 2S = -6.0 Vdc, Vgis = Vds = o) 

— 

— 

-20 

nAdc 

(Vg 2 s = -6.0 Vdc, Vgis = Vds = o, ta = i5ox) 

1 

— 

— 

-10 

/iAdc 

ON CHARACTERISTICS 

Gate 1 — Zero Voltage Drain Current 

'dss 

5.0 

— 

30 

mAdc 

(Vds = 15 Vdc, Vgis = 0, Vg 2S = 4.o vdc) 






(continued) 
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MFE209 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Typ [ Max | Unit ~\ 

SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 

(Vqs = 15 Vdc, Vg 2S ^ ^ O Vdc, Iq ^ 10 mAdc, f = 1.0 kHz) 

IVfsl 

10 

13 

20 

mmhos 

Input Capacitance 

(Vds = 15 Vdc, Vg 2S = 4.0 Vdc, Iq ^ 5.0 mAdc, f = 1.0 MHz) 

Ciss 

— 

4.5 

7.0 

PF 

Reverse Transfer Capacitance 

(Vds = 15 Vdc, Vg 2S = 4.0 Vdc, Id > 5.0 mAdc, f = 1.0 MHz) 

Crss 

0.005 

0.023 

0.03 

pF 

Output Capacitance 

(Vds = 15 Vdc, Vg 2S = 4.0 Vdc, Id > 5.0 mAdc, f = 1.0 MHz) 

(^oss 

0.5 

2.0 

4.0 

pF 

Common-Source Noise Figure (Figure 11) 

(Vds = 15 Vdc, Vg 2S = 4.0 Vdc, Id = 10 mAdc, f = 500 MHz) 

NF 

— 

4.5 

6.0 

dB 

Common-Source Power Gain (Figure 11) 

(Vds = 15 Vdc, Vg 2S = 4.0 Vdc, Id = 10 mAdc, f = 500 MHz) 

Gps 

10 

13 

20 

dB 

Bandwidth 

(Vds = 15 Vdc, Vg 2S = 4.0 Vdc, Id = 10 mAdc, f = 500 MHz) 

BW 

i 

7.0 

— 

17 

MHz 



TYPICAL SCATTERING PARAMETERS 



Figure 1- Sii, Input Reflection Coefficient 
versus Frequency 



Figure 3. S 2 I/ Forward Transmission Coefficient 
versus Frequency 



Figure 4. Szz^ Output Reflection Coefficient 
versus Frequency 
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gfs, FORWARD TRANSFER CONDUCTANCE (mmhos) 


MFE209 


TYPICAL COMMON-SOURCE ADMITTANCE PARAMETERS 

(VdS = 15 Vdc, VgS 2 = ^ Vdc, Ip = 10 mAdc) 




Figure 5. Yn, Input Admittance versus Frequency 


f, FREQUENCY (GHz) 

Figure 6. Y'|2» Reverse Transfer Admittance 
versus Frequency 



f, FREQUENCY (GHz) 

Figure 7. Y 21 , Forward Transfer Admittance 
versus Frequency 



O 


The S and Y Parameters were Measured with a Hewlett Packard 
HP8542A Network Analyzer. 
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OUTPUT SUSCEPTANCE (mmhos) REVERSE TRANSFER CONDUCTANCE (mmhos) 








MFE209 



(SEE SCHEMATIC FIGURE 11) 



INPUT POWER PER TONE (dBM) 


(SEE SCHEMATIC FIGURE 11) 



Figure 9. Power Gain and Noise Figure versus 
Source Resistance 

The Test Circuit shown in Figure 1 1 was used to generate 
Power Gain and Noise Figure as a function of Source 
Resistance curves. 


Figure 10. Third Order Intermodulation Distortion 

Figure 10 shows the typical third order intermodulation 
distortion (IMD) performance at 500 MHz. 

Both fundamental output and third order IMD output 
characteristics are plotted. The curves have been extrap- 
olated to show the third order intermodulation output 
intercept point. 

The performance is typical for Ip between 5 mAdc and 
10 mAdc. The test circuit shown in Figure 12 was used 
to generate the IMD Data. 



C5 = 0.4-6 pF, JOHANSON Air Variable CAP. (0.92 pF Nominal) 

C6 = 1-10 pF JOHANSON Air Variable CAP. (5.9 pF Nominal) 

C7 = 1-10 pF, JOHANSON Air Variable CAP. (3 pF Nominal) 

On 2 sided glass Teflon®, 1 oz. copper clad, 1/16" ®Tradennark of E.l. Dupont, DeNeumours and Co., Inc. 

6R = 2.55 

Figure 11. Test Circuit For Power Gain, Noise Figure 
and Third Order Intermodulation Distortion 


LI = 2.52 X 0.1 inches ) 
L2 = 0.4 X 0.1 inches > 
L3 = 1.23 X 0.2 inches ) 
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N-CHANNEL DUAL-GATE 
SILICON-NITRIDE PASSIVATED 
MOS FIELD-EFFECT TRANSISTORS 

. . . high Yfs depletion mode dual gate transistors designed for VHF 
amplifier and mixer applications. 

• MFE211 — VHF Amplifier/IF Amplifier 
MFE212 — VHF Mixer 

• High Forward Transfer Admittance — |Yfs| = 17-40 mmhos 

• Low Reverse Transfer Capacitance — Crss = 0 03 pF (Max) 

• Diode Protected Gates 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdSX 

20 

Vdc 

Drain-Gate Voltage 

VdGI 

35 

Vdc 


VdG2 

35 


Gate Current 

•gi 

±10 

mAdc 


1G2 

±10 


Drain Current — Continuous 

Id 

50 

mAdc 

Total Power Dissipation @ Ta = 25°C 

Pd 

360 

mW 

Derate above 25°C 


2.4 

mW/X 

Total Power Dissipation @ Tc = 25°C 

Pd 

1.2 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Storage Channel Temperature Range 

^stq 

-65 to +200 

X 

Junction Temperature Range 

Tj 

-65 to +175 

X 

Lead Temperature, 1/16" From Seated 

tl 

300 

X 

Surface for 10 Seconds 





IVIFE211 

IVIFE212 

CASE 20-03, STYLE 9 
TO-72 (TO-206AF) 



DUAL-GATE 

MOSFETs 


N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 

OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(Id = 10 AtAdc, VgiS = Vg2S = -4.0 Vdc) 

V(BR)DSX 

20 

— 

Vdc 

Gate 1 — Source Breakdown Voltage(l) 

(IGI - ±10 mAdc, Vg 2S = VqS = 0 ) 

V(BR)G1S0 

±6.0 

— 

Vdc 

Gate 2 — Source Breakdown Voltage(l) I 

(IG2 = ±10 mAdc, VgiS = Vps = 0) 

V{BR)G2SO 

±6.0 

— 

Vdc 

Gate 1 to Source Cutoff Voltage MFE211 

(Vds = 15 Vdc, Vg2S = 4.0 Vdc, Iq = 20 /xAdc) MFE212 1 

VGIS(off) 

-0.5 

-0.5 

-5.5 

-4.0 

Vdc 

Gate 2 to Source Cutoff Voltage MFE211 

(Vds = 15 Vdc, VgiS = 0, Id = 20 Mdc) MFE212 

VG2S(off) 

-0.2 

-0.2 

-2.5 
-4.0 1 

Vdc 

Gate 1 Leakage Current 

(VgiS = ±5.0Vdc, Vg 2 S = Vds = 0 ) 

(VgiS = -5.0 Vdc, Vg2S = Vds = 0, Ta = 150X) 

Igiss 

- 

±10 

-10 

mAdc 

/u-Adc 

Gate 2 Leakage Current 

(Vg 2S = ±5.0Vdc, Vgis = Vds = 0 ) 

(VG2S = -5.0 Vdc, Vgis = Vds = 0 , Ta = 150X) 

'G2SS 

- 

±10 

-10 

nAdc 

^Adc 


ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current(2) 

Idss 

6.0 

40 

mAdc 

(Vds = 15 Vdc, Vgis = 0 , Vg2s = 4.0 vdc) 





SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance(3) 

(Vds = 15 Vdc, Vg 2S = 4.0 Vdc, Vqis = 0, f = 1.0 kHz) 

IVfsl 

17 

40 

mmhos 

Reverse Transfer Capacitance 

(Vds = 15 Vdc, Vg 2S = 4.0 Vdc, Id = 10 mAdc, f = 1.0 MHz) 

Crss 

0.005 

0.05 

pF 


(continued) 
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MFE211, MFE212 

ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min [ Max [ Unit 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 

(Vdd = “IS Vdc, Vqg = 7.0 Vdc, f = 200 MHz) 

(Vdd = 24 Vdc, Vqg = 6.0 Vdc, f = 45 MHz) 

(Figure 1) 
(Figure 2) 

MFE211 

MFE212 

NF 

- 

3.5 

4.0 

dB 

Common Source Povsier Gain 



^ps 



dB 

(Vdd = 18 Vdc, Vqg = 7.0 Vdc, f = 200 MHz) 

(Figure 1) 

MFE211 


24 

35 


(Vdd = 18 Vdc, Vqg = 6.0 Vdc, f = 45 MHz) 

(Figure 3) 

MFE211 


29 

37 


(Vdd = 18 Vdc, fLO = 245 MHz, fpp = 200 MHz) 

(Figure 3) 

MFE212 

Gc(5) 

21 

28 


Bandwidth 



BW 



MHz 

(Vdd = 18 Vdc, Vqg = 7.0 Vdc, f = 200 MHz) 

(Figure 1) 

MFE211 


5.0 

12 


(Vdd = 18 Vdc, fLO = 245 MHz, fpp = 200 MHz) 

(Figure 3) 

MFE212 


4.0 

7.0 


(Vdd = 18 Vdc, Vqg = 6.0 Vdc, f = 45 MHz) 

(Figure 2) 

MFE211 


3.5 

6.0 


Gain Control Gate-Supply Voltage(4) 



VgG(GC) 



Vdc 

(Vdd = 18 Vdc, AGps 30 dB, f = 200 MHz) 

(Figure 1) 

MFE211 


— 

-2.0 


(Vdd = 18 Vdc, AGps = -30 dB, f = 45 MHz) 

(Figure 2) 

MFE211 


— 

±1.0 



Notes: 

1. All gate breakdown voltages are measured while the device is conducting rated gate current. This ensures that the gate-voltage limiting network is 
functioning properly. 

2. Pulse Test: Pulse Width = 300 fis, Duty Cycle ^ 2.0%. 

3. This parameter must be measured with bias voltages applied for less than 5 seconds to avoid overheating. The signal is applied to gate 1 with gate 2 at 
ac ground. 

4. AGps is defined as the change in Gps from the value at Vqg = 7.0 volts (MFE211). 

5. Power Gain Conversion. Amplitude at input from local oscillator is adjusted for maximum Gq. 



vqg Vdd 



TO 50 a 
LOAD 


Cl, C2 & C3; Leadless disc ceramic, 0.001 fxf LI; 3 Turns #18, 3/16" diameter aluminum slug 

C4: ARCO 462, 5-80 pF, or equivalent L2; 8 Turns #20, 3/16" diameter aluminum slug 


Figure 1. 200 MHz Power Gain, Gain Control Voltage, and Noise Figure Test Circuit for MFE211 

Vqg Vdd 



Cl : Leadless disc ceramic, 0.001 /u-F LI : 8 Turns #28, 5/32" diameter form, type "J" slug 

C2: Leadless disc ceramic, 0.01 fiF 12: 9 Turns #28, 5/32" diameter form, type "J" slug 


Figure 2. 45 MHz Power Gain and Noise Figure Test Circuit for MFE211 
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|Yfs|, FORWARD TRANSFER ADMITTANCE (mmhos) 3 , \q, DRAIN CURRENT (mA) 


MFE211, MFE212 


Vdd 



TO50n 

LOAD 


LI: 7 Turns #34, 1/4" diameter aluminum slug 
L2: 5-1/2 Turns #20, 1/4" diameter aluminum slug 
L3: 7 Turns #24, 1/4" diameter air core 


Cl : Arco type 462, 5-80 pF 
C2: 0.001 fxf leadless disc 
C3: 0.01 fj,f leadless disc 


T1: Pri: 25 Turns #30, close wound on 1/4" 
diameter form, type "J” slug 
Sec: 4 Turns #30, centered over primary 


Figure 3. 200 MHz-to-45 MHz Circuit for Conversion Power Gain for MFE212 


TYPICAL CHARACTERISTICS 




igure 4. Drain Current versus Drain-to-Source Voltage 


Figure 5. Drain Current versus 
Gate-One-to-Source Voltage 


SMALL-SIGNAL COMMON-SOURCE PARAMETER 



Figure 6. Forward Transfer Admittance versus 
Gate-Two-to-Source Voltage 



Figure 7. Forward Transfer Admittance versus 
Gate-One-to-Source Voltage 
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MFE211, MFE212 


TYPICAL CHARACTERISTICS (continued) 




Figure 8. Forward Transfer Admittance versus 
Drain Current 


Figure 9. input and Output Capacitance versus 
Gate-Two-to-Source Voltage 





Figure 10. Small-Signal Gate-One Input Admittance 
versus Frequency 


Figure 11. Small-Signal Forward Transfer Admittance 
versus Frequency 



Figure 12. Small-Signal Gate-One Reverse Transfer Figure 13. Small-Signal Gate-One Output Admittance 

Admittance versus Frequency versus Frequency 
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0fslN DEGREES 











MFE211, MFE212 


TYPICAL CHARACTERISTICS (continued) 



VGG(GC), gain control gate supply voltage (VOLTS) 



-6-4-2 0 2 4 6 8 10 

VGG(GC), gain control gate supply voltage (VOLTS) 


Figure 14. Relative Small-Signal Power Gain versus 
Gain Control Gate Supply Voltage 
MFE211 


Figure 15. Small-Signal Common-Source Insertion 
Power Gain versus Gain Control Gate Supply Voltage 
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VGG(GC), gain control gate supply voltage (VOLTS) 



Figure 16. Common Source Spot Noise Figure versus 
Gain Control Gate Supply Voltage 


Figure 17. Optimum Spot Noise Figure 
versus Frequency 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Drain-Source Voltage 

VdS 

25 

Drain-Gate Voltage 

VdG 

±10 

Drain Current 

Id 

30 

Total Device Dissipation @ Ta = 25‘’C 

pd 

300 

Derate above 25°C 


1.71 

Operating and Storage Junction 

Tj' ^stg 

-65 to +175 

Temperature Range 


THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Thermal Resistance, Junction to Ambient 

R^ja 

584 

Thermal Resistance, Junction to Case 

R0JC 

250 
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MFE823 


CASE 22-03, STYLE 11 
TO-18 (TO-206AA) 



MOSFET 


P-CHANNEL — ENHANCEMENT 

°C/W 

°c/w 

Refer to 2N4352 for graphs. 


V{BR)DSX 

-25 

- 

Vdc 

idss 

— 

-20 

nAdc 

'gss 

— 

1.0 

pAdc 


VGS(Th) 

-2.0 

-6.0 

Vdc 

iD(on) 

-3.0 

— 

mAdc 


IVfsl 

1000 

— 

/xmhos 

Ciss 

— 

6.0 

PF 

Crss 

— 

1.5 

pF 


1 , FETs AND DIODES 






MFE825 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

20 

Vdc 

Gate-Source Voltage 

vgs 

30 

Vdc 

Drain Current 

Id 

25 

mA 

Total Device Dissipation @ = 25°C 

Pd 

200 

mW 

Derate above 25°C 


1.6 

mW/X 

Junction Temperature Range 

Tj 

150 

°C 

Operating and Storage Junction 
Temperature Range 

Tj/ Tgtg 

-65 to +150 

X 


CASE 22-03, STYLE 2 
TO-18 ITO-206AA) 



MOSFET 

N-CHANNEL — DEPLETION 


Refer to 2N3796 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(Id = 1.0/LtA,VGS = -8.0 V) 

V(BR)DSX 

20 

— 

Vdc 

Gate Reverse Current 

(Vgs = -iov,vds = ov) 

igss 

— 

-1.0 

pA 

Gate Source Voltage 

(Id = 1.0/^A, Vds = 2.0 V) 1 

Vgs 

0 

-2.0 

Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 

loss 

1.0 

25 

mA 

(Vds = 10 V, Vgs = 0) | 






SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 

IVfsl 

500 

_ 

/tmhos 

(Vds ^ 10 V, Vgs = O, f = l.o kHz) 
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MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vds = 40 V, Vgs = 0) 

Idss 

— 

0.1 

10 

fiAdc 

Gate Reverse Current 

(Vgs = 10 V, Vds = o) 

•gss 

— 

0.01 

10 

nAdc 

Drain-Source Breakdown Voltage 
(Vgs = 0, Id = 100 ^a) 

V(BR)DSS 

60 

90 

— 

Vdc 


ON CHARACTERISTICS 


Gate Threshold Voltage 
(Vds = vgs» Id = 1.0 mA) 

VGS(th) 

0.3 

1.5 

2.5 

Vdc 

Drain-Source On-Voltage 
(Vgs = 10 V, Id = boo mA) 

VDS(on) 

— 

— 

2.5 

Vdc 

On-State Drain Current 
(Vds = 25 V, Vgs = 10 v) 

iD(on) 

500 

— 

— 

mA 

Forward Transconductance 
(Vds = 15 V, Id = boo mA) 

gfs 

100 

— 

— 

mmhos 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

Vds 

60 

Vdc 

Gate-Source Voltage 

Vgs 

±15 

Vdc 

Drain Current — ■ Continuous(l) 

Id 

0.5 

Adc 

Pulsed(2) 

Idm 

1.0 


Total Device Dissipation @ Ta = 25X 

pd 

1.0 

Watts 

Derate above 25°C MPF910 


8.0 

mW/°C 

Total Device Dissipation @ Tc = 25°C 

pd 

6.25 

Watts 

Derate above 25°C MFE910 


50 

mW/X 

Operating and Storage Junction 

Tj' Tstg 

— 55 to +150 

X 

Temperature Range 




(1) The Power Dissipation of the package may result in a lower continuous drain 
current. 

(2) Pulse Width 300 as, Duty Cycle ^ 2.0%. 


MFE910 

IVIPF910 


CASE 79-04, STYLE 6 
TO-39 (TO-205AD) 




N-CHANNEL — ENHANCEMENT 


Refer to 2N6659 for additional graphs. 


FIGURE 1 ~ VGS(th) NORMALIZED versus TEMPERATURE 


1.6 


^ 0.8 
5 

c/> . . 

o 0.4 


-50 















Jds = 

Vgs _ 







lD = 1 

.0 mA 






























































0 50 100 150 rc) 

Tj, JUNCTION TEMPERATURE 


FIGURE 2 — ON-REGION CHARACTERISTICS 



0 1.0 2.0 3.0 4.0 

Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
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iD(on)- drain current (AMPS) 


MFE910, MPF910 


FIGURE 3 — OUTPUT CHARACTERISTICS 


FIGURE 4 — CAPACITANCE versus DRAIN TO SOURCE VOLTAGE 
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MAXIMUM RATINGS 


Rating 

Symbol 

MFE930 

MFE960 

MFE990 

Unit 

Drain-Source Voltage 

VdS 

35 

60 

90 

Vdc 

Drain-Gate Voltage 

VdG 

35 

60 

90 

Vdc 

Gate-Source Voltage 

VgS 

±30 

Vdc 

Drain Current 

Continuous! 1) 

Pulsed(2) 

•d 

'dm 

2.0 

3.0 

Adc 

Total Device Dissipation 
@ Tc = 25°C 

Derate above 25°C 

Pd 

6.25 

50 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj/ Tstg 

-55 to 150 

°C 


(1) The Power Dissipation of the package may result in a lower continuous drain 
current. 

(2) Pulse Width 300 fis, Duty Cycle 2.0%. 


IVIFE930 

MFE960 

IVIFE990 


CASE 79-04, STYLE 6 
TO-39 (TO-205AD) 



TMOS 1 Source 

SWITCHING 


N-CHANNEL — ENHANCEMENT 


ELECTRICAL CHARACTERISTICS (Ta - 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit | 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 

(Vqs = 0, Id = 10 aA) MFE930 

MFE960 

MFE990 

V(BR)DSX 

35 

60 

90 

- 

- 

Vdc 

Gate Reverse Current 
(Vqs = 15 Vdc, Vds = 0) 

•gss 

— 

— 

50 

nAdc 


ON CHARACTERISTICS* 


Zero-Gate-Voltage Drain Current 
(Vds = Maximum Rating, Vqs = 0) 

Idss 

— 

— 

10 

/LtAdc 

Gate Threshold Voltage 


VGS(Th) 

1.0 

— 

3.5 

Vdc 

(Vds = VqS/ Id = 10 mA) 







Drain-Source On-Voltage (Vqs = 10 V) 


VDS(on) 




Vdc 

(Id = 0.5 A) 

MFE930 


— 

0.4 

0.7 



MFE960 


— 

0.6 

0.8 



MFE990 


— 

0.6 

1.2 


(Id = i.oa) 

MFE930 




0.9 

1.4 



MFE960 


— 

1.2 

1.7 



MFE990 


— 

1.2 

2.4 


(Id = 2.0 A) 

MFE930 


— 

2.2 

3.0 



MFE960 

i 

— 

2.8 

3.5 



MFE990 


— 

2.8 

4.8 


Static Drain-Source On Resistance 


'■DS(on) 




Ohms 

(Vqs = 10 Vdc, Id = 1.0 Adc) 

MFE930 


— 

0.9 

1.4 



MFE960 


— 

1.2 

1.7 



MFE990 


— 

1.2 

2.0 


On-State Drain Current 


iD(on) 

1.0 

2.0 

_ 

Amps 

(Vds = 25 V, Vqs = 10 V) 








SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 

(Vds = 25 V, Vqs = 0, f = 1.0 MHz) 

Ciss 


60 

70 

PF 

Reverse Transfer Capacitance 
(Vds = 25 V, Vqs = 0, f = 1.0 MHz) 

^rss 

— 

13 

18 

PF 

Output Capacitance 
(Vds = 25 V, Vqs = 0, f = 1.0 MHz) 

Cqss 

— 

49 

60 

pF 
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MFE930, MFE960, MFE990 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

— 

Typ 

Max 

Unit 

Forward Transconductance 
(Vds = 25 V, Id - 0.5 A) 

gfs 

200 

I 

380 


mmhos 


SWITCHING CHARACTERISTICS* 


Turn-On Time (See Figure 1) 

^on 

— 

7.0 

15 

ns 

Turn-Off Time (See Figure 1) 

toff 

— 

7.0 

15 

ns 


*Pulse Test: Pulse Width ^ 300 /its, Duty Cycle ^ 2.0%. 


RESISTIVE SWITCHING 

FIGURE 1 — SWITCHING TEST CIRCUIT FIGURE 2 — SWITCHING WAVEFORMS 

+ 25 V 




-55 -35 - 15 +5,0 25 45 65 85 105 125 145 

Tj, JUNCTION TEMPERATURE (°C) 



0 5.0 10 20 30 40 50 

Vds, drain-source voltage (VOLTS) 




FIGURE 6 — OUTPUT CHARACTERISTIC 


1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

Vgs- gate-source voltage (VOLTS) 
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MFE930, MFE960, MFE990 



0 0.5 1.0 2.0 3.0 4.0 5.0 

Vos. DRAIN-SOURCE VOLTAGE (VOLTS) 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

30 

Vdc 

Drain-Gate Voltage 

VdG 

30 

Vdc 

Gate-Source Voltage 

vgs 

30 

Vdc 

Forward Gate Current 

Igf 

10 

mAdc 

Total Device Dissipation @ Tc = 25°C 

Pd 

1.8 

Watts 

Derate above 25°C 


10 

mwrc 

Junction Temperature Range 

Tj 

-65 to +175 

°C 

Storage Temperature Range 

^StQ 

- 65 to + 200 

°C 


IVIFE2004 

thru 

MFE2006 


CASE 22-03, STYLE 4 
TO-18 (TO-206AA) 


Gate & Case/^ j—jN 



1 Source 


^2 


JFET 

CHOPPERS 

N-CHANNEL — DEPLETION 
Refer to 2N4091 for graphs. 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(IG = 1.0 ^lAdc, Vds = 0) 

V(BR)GSS 

30 

— 

Vdc 

Gate Reverse Current 

Igss 




(Vgs = 20 Vdc, Vds = o) 


— 

0.2 

nAdc 

(Vgs = 20 Vdc, Vds = o, ta = i5ox) 


— 

0.4 

fxAdc 

Drain Cutoff Current 

iD(off) 




(Vds = 20 Vdc, Vgs = 12 vdc) 


— 

0.2 

nAdc 

(Vds = 20 Vdc, Vgs = 12 vdc, ta = i50°c) 


— 

0.4 

^lAdc 

Gate Source Voltage 

Vgs 



Vdc 

(Vds = 20 Vdc, Id = 50 ^Adc) MFE2004 


1.0 

6.0 


MFE2005 


2.0 

8.0 


MFE2006 


5.0 

10 



ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* 

(Vds = 20 Vdc, Vgs = o) 

MFE2004 

MFE2005 

MFE2006 

Idss* 

8.0 

15 

30 

- 

mAdc 

Gate-Source Forward Voltage 


VGS(f) 

— 

1.0 

Vdc 

(Ig = 1.0 mAdc, Vds = 0) 






Drain-Source On-Voltage 


VDS(on) 



Vdc 

(Id = 3.0 mAdc, Vgs = 0) 

MFE2004 


— 

0.4 


(Id = 6.0 mAdc, Vgs = 0 ) 

MFE2005 


— 

0.4 


(Id = 10 mAdc, Vgs = 0) 

MFE2006 


— 

0.4 


Static Drain-Source On Resistance 


'■DS(on) 



Ohms 

(Id = 1.0 mAdc, Vgs = 0 ) 

MFE2004 


— 

80 



MFE2005 


— 

50 



MFE2006 


— 

30 



SMALL-SIGNAL CHARACTERISTICS 


Static Drain-Source "ON” Resistance 

'■ds(on) 



Ohms 

(Vgs = 0, Id = 0, f = 1.0 kHz) MFE2004 


— 

80 


MFE2005 


— 

50 


MFE2006 


— 

30 


Input Capacitance 

Ciss 

— 

16 

PF 

(Vds = 0 , Vgs = -12 vdc, f = 1.0 mhz) 
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MFE2004 thru MFE2006 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Reverse Transfer Capacitance 



^rss 



PF 

(Vds = 0. Vqs = 6.0 Vdc, f = 

1.0 MHz) 

MFE2004 


— 

5.0 


(Vds = 0, Vgs = 8.0 Vdc, f = 

1.0 MHz) 

MFE2005 


— 

5.0 


(Vds = 0, Vgs = 12 vdc, f = 

1.0 MHz) 

MFE2006 


— 

5.0 



SWITCHING CHARACTERISTICS 


Turn-On Delay Time 

(Vdd = 3.0 Vdc, Id = 3.0 mAdc, Vgs = 0) 

(Vdd = 3.0 Vdc, Id = 6.0 mAdc, Vgs = 0) 

(Vdd = 3.0 Vdc, Id = 10 mAdc, Vgs = 0) 

MFE2004 

MFE2005 

MFE2006 

1d(on) 

- 

20 

15 

10 

ns 

Rise Time 


tr 



ns 

(Vdd = 3.0 Vdc, Id = 3.0 mAdc, Vgs = 6) 

MFE2004 


— 

40 


(Vdd = 3.0 Vdc, Id = 6.0 mAdc, Vgs = 0) 

MFE2005 


— 

20 


(Vdd = 3.0 Vdc, Id = 10 mAdc, Vgs = 6) 

MFE2006 


— 

10 


Turn-Off Time 


toff 



ns 

(Vdd = 3.0 Vdc, Id = 3.0 mAdc, VGS(off) = 6.0 Vdc) 

MFE2004 


— 

80 


(Vdd = 3.0 Vdc, Id = 6.0 mAdc, VGS(off) = 8.0 Vdc) 

MFE2005 


— 

60 


(Vdd = 3.0 Vdc, Id = 10 mAdc, VGS(off) = 12 Vdc) 

MFE2006 


— 

40 



*Pulse Test; Pulse Width < 300 fis, Duty Cycle 3.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

25 

Vdc 

Drain-Gate Voltage 

VdG 

25 

Vdc 

Gate-Source Voltage 

VgS 

25 

Vdc 

Forward Gate Current 

Igf 

50 

mAdc 

Total Device Dissipation @ Tq = 25°C 

Pd 

1.8 

Watt 

Derate above 25°C 


10 

mW/°C 

Junction Temperature Range 

Tj 

-65 to +175 


Storage Temperature Range 

Tstg 

- 65 to + 200 

°C 


IVIFE2010 

thru 

MFE2012 


CASE 22-03, STYLE 4 
TO-18 (TO-206AA) 



JFET 

CHOPPERS 

N-CHANNEL — DEPLETION 
Refer to J 107 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


Symbol 


Max 


Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(IG = 10 AtAdc, Vds = 0) 

V(BR)GSS 

25 

— 

Vdc 

Gate Reverse Current 

(Vgs = 15 Vdc, Vds = o) 

Igss 


3.0 

nAdc 

(Vgs = 15 Vdc, Vds = O, Ta = 150°C) 


— 

6.0 

/xAdc 

Drain Cutoff Current 
(Vds = 15 Vdc, Vgs = 12 vdc) 

>D(off) 


3.0 

nAdc 

(Vds = 15 Vdc, Vgs = 12 vdc, Ta = i5o°c) 


— 

6.0 

/LtAdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* 

(Vds = 20 Vdc, Vgs = o) 

MFE2010 

MFE2011 

MFE2012 

'dss^ 

15 

40 

100 

- 

mAdc 

Gate-Source Forward Voltage 


VGS(f) 

— 

1.0 

Vdc 

(IG = 1-0 mAdc, Vds = 0) 






Gate-Source Voltage 


Vgs 



Vdc 

(Vds = 15 Vdc, Id = 1-0 f^Adc) 

MFE2010 


-0.5 

-10 



MFE2011 


-1.0 

-10 



MFE2012 


-3.0 

-10 


Drain-Source On-Voltage 


VDS(on) 



Vdc 

(Id = 8.0 mAdc, Vqs = 0) 

MFE2010 1 


— 

0.75 


(Id = 15 mAdc, Vgs = 0) 

MFE2011 i 


— 

0.75 


(Id = 30 mAdc, Vgs = 0) 

MFE2012 


— 

0.75 


Static Drain-Source On Resistance 


'■DS(on) 



Ohms 

(Id = 1.0 mAdc, Vgs = 0) 

IVIFE2010 


— 

25 



MFE2011 




15 



MFE2012 


— 

10 



SMALL-SIGNAL CHARACTERISTICS 


Static Drain-Source "ON” Resistance 
(Vgs = 0, Id = 0,f = i.okHz) 

MFE2010 

MFE2011 

MFE2012 

'■ds(on) 

- 

25 

15 

10 

Ohms 

Input Capacitance 

(Vds = 0/ Vgs = lo vdc, f = i.o mhz) 


^iss 

— 

50 

PF 

Reverse Transfer Capacitance 

(Vds = 0, Vgs = 12 vdc, f = 1.0 mhz) 


Crss 

— 

20 

PF 
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MFE2010 thru MFE2012 


ELECTRICAL CHARACTERISTICS (continued) (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit | 


SWITCHING CHARACTERISTICS 


Turn-On Delay Time 

ld(on) 

— 

10 

ns 

Rise Time 

tr 

— 

6.0 

ns 

Turn-Off Delay Time 


td(off) 



ns 

(Vdd = 15 Vdc, Id = 8.0 mAdc) 

MFE2010 


— 

35 


(Vdd = 15 Vdc, Id = 15 mAdc) 

MFE2011 


— 

20 


(Vdd = 15 Vdc, Id = 30 mAdc) 

MFE2012 


— 

12 


Fall Time 


tf 



ns 

(Vdd = 15 Vdc, Id = S.o mAdc) 

MFE2010 


— 

75 


(Vdd = 15 Vdc, Id = 15 mAdc) 

MFE2011 


— 

45 


(Vdd = 15 Vdc, Id = 30 mAdc) 

MFE2012 


— 

25 



♦Pulse Test: Pulse Width < 300 /xs, Duty Cycle 3.0%. 
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MFE9200 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

200 

Vdc 

Gate-Source Voltage 

VgS 

±20 

Vdc 

Drain Current 



mAdc 

Continuous (1) 

Id 

400 


Pulsed (2) 

•dm 

800 


Total Device Dissipation @ Tq = 25°C 

Pd 

1.8 

Watts 

Derate above 25°C 


14.4 

mW/°C 

Operating and Storage Junction 

Tj. Tgtg 

1 

— 55 to +150 

°C 

Temperature Range 




CASE 22-03, STYLE 12 
TO-18 (TO-206AA) 

3 Drain 


1 Source 

TMOS 

SWITCHING FET 

N-CHANNEL — ENHANCEMENT 




ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | T^ T Max 1 Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 

(Vgs = 0, Id = 10 aA) 

V(BR)DSX 

200 

— 


Vdc 

Gate Reverse Current 

(Vgs = 15Vdc, Vds = O) 

igss 

— 

0.01 

50 

nAdc 


ON CHARACTERISTICS* 


Zero-Gate-Voltage Drain Current 
(Vds = 200 V, Vgs = o) 

Idss 

— 

0.1 

10 

IxAdc 

Gate Threshold Voltage 

VGS(Th) 

1.0 

— 

4.0 

Vdc 

(Vds = vgs» Id = 10 mA) 






Drain-Source On-Voltage (Vgs = 10 V) 

VDS(on) 




Vdc 

(Id = 100 mA) 


— 

0.45 

0.6 


(Id = 250 mA) 


— 

1.20 

1.60 


(Id = 500 mA) 


— 

3.0 

— 


Static Drain-Source On Resistance 

TOon) 




Ohms 

(Vgs = 10 Vdc) 






(Id = 100 mA) 


— 

4.5 

6.0 


(Id = 250 mA) 


— 

4.8 

6.4 


(Id = 500 mA) 


— 

6.0 

— 


On-State Drain Current 

iD(on) 

400 

700 

— 

mA 

(Vds = 25 V, Vgs = io v) 







SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 

(Vds = 25 V, Vgs = o, f = i.o mhz) 

Ciss 

— 

72 

90 

PF 

Reverse Transfer Capacitance 

(Vds = 25 V, Vgs = o, f = i.o mhz) 

Crss 

— 


10 

PF 

Output Capacitance 
(Vds = 25 V, Vgs = o, f = i.o mhz) 

Cqss 

— 

— 

30 

pF 

Forward Transconductance 
(Vds = 25 V, Id = 250 mA) 

gfs 

200 

400 

— 

mmhos 


SWITCHING CHARACTERISTICS 


Turn-On Time 

See Figure 1 

Ion 

— 

6.0 

15 

ns 

Turn-Off Time 

See Figure 1 

toff 

— 

6.0 

15 

ns 


* Pulse Test: Pulse Width 300 ixs, Duty Cycle ^ 2.0%. 
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iD(on). drain current (AMPS) ^ds- DRAIN-SOURCE VOLTAGE (VOLTS) 


MFE9200 


RESISTIVE SWITCHING 

FIGURE 1 — SWITCHING TEST CIRCUIT 


FIGURE 2 — SWITCHING WAVEFORMS 


Pulse Generator 


I A 50 Ij 

I © i ■ 


9 40 pF 
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] 20 dB Y 

{50 ft Attenuator r 


To Sampling Scope 
50 ft Input 


Output Vout- 
Inverted 


-f50% 50%- 

/h— — Pulse Width » 

input Vin_l_zfio% 


FIGURE 3 — ON VOLTAGE versus TEMPERATURE 


FIGURE 4 — CAPACITANCE VARIATION 



Vr.c = 10 V 
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FIGURE 5 — TRANSFER CHARACTERISTIC 
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Vqs, gate-source voltage (VOLTS) 


FIGURE 6 — OUTPUT CHARACTERISTIC 

rziio7 K i 
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MFE9200 



1.0 2.0 3.0 4.0 5.0 

Vos, DRAIN-SOURCE VOLTAGE (VOLTS) 
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QUAD DUAL-IN-LINE 

N-CHANNEL ENHANCEMENT MODE SILICON GATE 
TMOS FIELD EFFECT TRANSISTORS 

These TMOS Power FETs are designed for high current, high speed power 
switching applications such as switching power supplies, CMOS logic, 
microprocessor or TTL-to-high current interface and line drivers, 

• Fast Switching Speed — tQp = toff = 10 ns Max 

• Low Drive Requirement, \/GS(th) ~ 2-5 V Max 

• Inherent Current Sharing Capability Permits Easy Paralleling 

of Many Devices 

• Plastic and Ceramic Packages 
MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Typ | Max I Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage (Vqs = 0, Iq = 100 fxA) 

V(BR)DSS 

60 

— 

— 

Vdc 

Zero Gate Voltage Drain Current (Vqs = 40, Vqs = 0) 

idss 

— 

— 

10 

/xAdc 

Gate-Body Leakage Current {Vqs = 10 Vdc, Vqs = 0) 

'gss 

— 

— 

100 

nAdc 


ON CHARACTERISTICS 


Gate Threshold Voltage (Vds = Vgs» Id = 10 mA) 

VGS(th) 

— 

— 

2.5 

Vdc 

Drain-Source On-Voltage (Note 1) (Vqs = 5.0 V, Iq = 0.3 A) 

VDS(on) 


— 

1.5 

Vdc 

(Vgs = 10 V, Id = 0.5 A) 


— 

— 

1.65 


Static Drain-Source On-Resistance (Vqs = 10 Vdc, Iq = 300 mA) 

rDS(on) 

— 

— 

5.5 

Ohms 

On-State Drain Current (Note 1) (Vqs = 25 V, Vqs = 5.0 V) 

iD(on) 

0.2 

— 

— 

Amps 

(Vds = 25 V, Vgs = iov) 


0.5 

— 

— 


Forward Transconductance (Note 1) (Vds = 15 V, Id = 0.5 A) 

9fs 

100 

— 

— 

mil 


DYNAMIC CHARACTERISTICS 


Input Capacitance (Note 2) (Vds = 25 V, f = 1.0 MHz) 

Ciss 

— 

48 

— 

PF 

Output Capacitance (Note 2) (Vds = 25 V, f = 1.0 MHz) 

Coss 

— 

16 

— 

PF 

Reverse Transfer Capacitance (Note 2) (Vds = 25 V, f = 1.0 MHz) 

Crss j 

— 

2.0 

— 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time (Note 2) 

(Id = 0.3 A, Rl = 23 a. 

ton 

— 

— 

10 

ns 

Turn-Off Time (Note 2) 

Rs = 50 n) 

toff 

— 

— 

10 

ns 


NOTES: 1. Pulse Test — 80 /xs pulse, % duty cycle. 
2. Sample Test. 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdSS 

60 

Vdc 

Drain-Gate Voltage 

VdGO 

60 

Vdc 

Forward Gate-Source 

vgsf 


15 


Vdc 

Voltage 







Reverse Gate-Source 

VgSR 


0.3 


Vdc 

Voltage 







Drain Current 






Adc 

— Continuous 

Id 


0.3 



— Pulsed 

Idm 


1.0 



Drain-Source Diode Current 






Amps 

— Continuous 

Ids 


0.5 



— Pulsed 

Idms 


1.0 





Each 

All Four 




Transistor 

Transistors 




C 

P 

C 

P 


Total Device Dissipation 

Pd 






@ Ta = 25°C 


1.0 

0.5 

2.0 

1.2 

Watts 

Derate above 25°C 


8.0 

4.0 

16 

9.6 

mwrc 

Total Power Dissipation 

Pd 






@ Tc = 25°C 


2.0 

1.0 

4.0 

3.0 

Watts 

Derate above 25°C 


16 

8.0 

32 

23 

rnwrc 

Operating and Storage 

Tj/ Tstg 


-40 to -F125 


°C 

Temperature Range 









MFQIOOOC, P 


MFQ1000C 

CASE 632-08, STYLE 2 
MFQ1000P 

CASE 646-06, STYLE 2 

14 13 12 11 10 9 






[W 

lir-Lij — d 

b~TZJ — c 

J lLi LIJ * 


1 2 3 4 5 6 7 

QUAD 
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QUAD DUAUN-LINE 

P-CHANNEL JUNCTION FIELD-EFFECT TRANSISTORS 


. . . depletion mode (Type A) junction field-effect transistors designed for 
use in general-purpose amplifier applications. 

• High Gate-Source Breakdown Voltage — 

V(BR)GSS = 40 Vdc (Min) 

• Low Noise Figure — NF = 1.0 dB (Typ) @ f = 100 Hz 

• Low Reverse Transfer Capacitance — Crss = 2.0 pF (Max) 

• Refer to 2N5460 Data Sheet for Performance Graphs 

MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

40 

Vdc 

Drain-Gate Voltage 

VdG 

40 

Vdc 

Reverse Gate-Source Voltage 

VgSR 

40 

Vdc 

Drain Current 

Id 

20 

mAdc 

Forward Gate Current 

igf 

10 

mAdc 



Each 

Total 




Transistor 

Device 


Total Device Dissipation 

Pd 




@ Ta = 25°C 


0.5 

1.5 

Watts 

Derate above 25°C 


2.86 

8.58 

mW/°C 


MFQ5460P 

CASE 646-06, STYLE 5 



14 13 12 11 10 9 





A il"* 


1 2 3 4 5 6 7 

QUAD 

DUAL-IN-LINE 
JFETs 

P-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 

Characteristic | Symbol [ Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(IG = 10 /MAdc, Vds = 0) 

V(BR)GSS 

40 

— 

— 

Vdc 

Gate-Source Cutoff Voltage 

VGS(off) 

0.75 

— 

6.0 

Vdc 

(Vds = 15 Vdc, Id = l.o /uAdc) 






Gate Reverse Current 

Igss 





(Vgs = 20 Vdc, Vds = 0) 


— 

— 

5.0 

nAdc 

(Vgs = 20 Vdc, Vds = 0, Ta = ioo°c) 


— 

— 

1.0 

/xAdc 


ON CHARACTERISTICS 



Zero-Gate Voltage Drain Current 
(Vds = 15 Vdc, Vgs = o) 

idss 

1.0 

— 

5.0 

mAdc 

Gate-Source Voltage 
(Vds = 15 Vdc, Id = 0.1 mAdc) 

Vgs 

0.5 


4.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transadmittance 
(Vds = 15 Vdc, Vgs = O, f = l.o kHz) 

Ivfsl 

1000 

— 

4000 

/Ltmhos 

Output Admittance 

(Vds = 15 Vdc, Vgs = O, f = l.o kHz) 

IVosI 

— 

— 

75 

/Limhos 

Input Capacitance 

(Vds = 15 Vdc, Vgs = o, f = i.o mhz) 

^iss 

— 

5.0 

7.0 

pF 

Reverse Transfer Capacitance 

(Vds = 15 Vdc, Vgs = o, f = i-o mhz) 

Crss 

— 

1.0 

2.0 

pF 

Common-Source Noise Figure 

(Vds = 15 Vdc, Vgs = o, rg = i.o mo, f = 100 hz, bw = 1.0 hz) 

NF 

— 

1.0 

— 

dB 

Equivalent Short-Circuit Input Noise Voltage 
(Vds = 15 Vdc, Vgs = 0, f = 100 hz, bw = 1.0 hz) 

®n 

— 

60 

— 

nV/VHz 
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QUAD DUAL-IN-LINE 

N-CHANNEL ENHANCEMENT MODE SILICON GATE 
TMOS FIELD EFFECT TRANSISTORS 

These TMOS Power FETs are designed for high current, high speed power 
switching applications such as switching power supplies, CMOS logic, 
microprocessor or TTL-to-high current interface and line drivers. 

• Fast Switching Speed — ton = Toff = 5.0 ns Max 

• Low On-Resistance — 3.0 Ohms Max 

• Low Drive Requirement, VGS(th) “ 2.0 V Max 

• Inherent Current Sharing Capability Permits Easy Paralleling of Many 

Devices 

• Plastic and Ceramic Packages 

MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 

Characteristic , | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage (Vqs = 0, Iq == 10 fiA) 

V(BR)DSS 

60 

— 

— 

Vdc 

Zero Gate Voltage Drain Current (Vqs = Maximum Rating, Vqs = 0) 

iDSS 

— 

— 

10 

p.Adc 

Gate-Body Leakage Current (Vqs = 15 Vdc, Vqs = 0) 

IGSS 

- 

- 

100 

nAdc 


ON CHARACTERISTICS (See Note) 


Gate Threshold Voltage (Iq = 1-0 mA, Vqs = Vqs) 

VGS(th) 

— 

— 

2.0 

Vdc 

Drain-Source On-Voltage (Iq = 0.3 A, Vqs = 5.0 V) 

VDS(on) 

— 

0.9 

1.5 

Vdc 

(Id = 1.0A, Vgs = 10 V) 


— 

— 

3.0 


Static Drain-Source On-Resistance (Vqs = 10 Vdc, Iq = 1-0 Adc) 

rDS(on) 

— 

— 

3.0 

Ohms 

On-State Drain Current (Vqs = 25 V, Vqs = 10 V) 

'D(on) 

1.0 

2.0 

— 

Amps 

Forward Transconductance (Vqs = 25 V, Iq = 0.5 A) 

gfs 

170: 

_ 

— 

mmhos 


DYNAMIC CHARACTERISTICS 


Input Capacitance (Vqs = 25 V, Vqs = 0, f = 1.0 MHz) 

Ciss 

— 

30 

50 

pF 

Output Capacitance (Vqs = 25 V, Vqs = 0, f = 1.0 MHz) 

Coss 

— 

20 

40 

PF 

Reverse Transfer Capacitance (Vqs = 25 V, Vqs = 0, f = 1.0 MHz) 

Crss 

- 

3.6 

10 

pF 


SWITCHING CHARACTERISTICS (See Note) 


Turn-On Time (See Figure 1) 

Ion 

— 

— 

5.0 

ns 

Turn-Off Time (See Figure 1) 

toff i 

— 

- 

5.0 

ns 


NOTE: Pulse Test — Pulse Width 300 fxs, Duty Cycle ^ 2.0%. 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdSS 

60 

Vdc 

Drain-Gate Voltage 

VdGO 

60 

Vdc 

Gate-Source Voltage 

Vgs 

±30 

Vdc 

Drain Current 






Adc 

— Continuous (Note 1) 

Id 


2.0 



— Pulsed (Note 2) 

idm 


3.0 





Each 

Ail Four 




Transistor 

Transistors 




C 

P 

C 

P 


Total Device Dissipation 

Pd 






@ Ta = 25°C 


1.0 

0.5 

2.0 

1.2 

Watts 

Derate above 25°C 


8.0 

4.0 

16 

9.6 

mW/X 

Total Power Dissipation 

pd 






@ Tc = 25°C 


2.0 

1.0 

4.0 

3.0 

Watts 

Derate above 25°C 


16 

8.0 

32 

23 

mW/X 

Operating and Storage 

Tj- Tstg 


-50 to +150 


X 

Temperature Range 







NOTES: (1) The Power Dissipation of the package may result in a lower continuous drain current. 
(2) Pulse Width ^ 300 fjus, Duty Cycle ^ 2.0%. 


MFQ6660C, P 


MFQ6660C 

CASE 632-08, STYLE 2 
MFQ6660P 

CASE 646-06, STYLE 2 

14 13 12 11 10 9 8 






±r ni- r 

!j rj L 

b — 111 ' Xb 
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MFQ6660C, P 


RESISTIVE SWITCHING 


FIGURE 1 — SWITCHING TEST CIRCUIT FIGURE 2 — SWITCHING WAVEFORMS 




MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


4-157 





MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdSS 

60 

Vdc 

Drain-Gate Voltage 

VdGS 

60 

Vdc 

Gate-Source Voltage 

VgS 

±20 

Vdc 

Drain Current — Continuous 

Id 

0.5 

Adc 

Pulsed 

•dm 

0.8 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 




Derate above 25°C 


1.8 

mW/X 

Thermal Resistance Junction to Ambient 

R0JA 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 




Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tjf Tstg 

— 55 to +150 

X 


*FR-5 = 1.0 X 0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBF170L = 6Z 


IVIIVIBF170L 

CASE 318-03, STYLE 21 
SOT-23 (TO-236AB) 



TMOS FET 
TRANSISTOR 

N-CHANNEL 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 

Characteristic I Symbol 1 Min 1 Max I Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage (Vqs = 0, Iq = 100 fxA) 

V(BR)DSS 

60 

— 

Vdc 

Gate-Body Leakage Current, Forward (Vqsf = 15 Vdc, Vps = 0) 

'gss 

- 

10 

nAdc 


ON CHARACTERISTICS* 


Gate Threshold Voltage (Vqs = VqS/ 'd = 1-0 nriA) 

VGSIth) 

0.8 

3.0 

Vdc 

Static Drain-Source On-Resistance (Vqs = 10 Vdc, Iq = 200 mA) 

XSIon) 

— 

5.0 

Ohm 

On-State Drain Current (Vqs = 25 V, Vqs = 0) 

iD(off) 

— 

0.5 

fxA 


DYNAMIC CHARACTERISTICS 


Input Capacitance 

(Vds = 10 V, Vgs = 0 V, f = 1.0 MHz) 

Ciss 

— 

60 

PF 

SWITCHING CHARACTERISTICS* 

Turn-On Delay Time 

(Vdd = 25 V, Id = 500 mA, Rgen 50 Ohms) 
Figure 1 

td(on) 

— 

10 

ns 

Turn-Off Delay Time 

td(off) 

— 

10 


*Pulse Test: Pulse Width < 300 /xs. Duty Cycle < 2.0%. 


+ 25V 



Figure 1. Switching Test Circuit 


SWITCHING WAVEFORM 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

30 

Vdc 

Drain-Gate Voltage 

VdG 

30 

Vdc 

Gate-Source Voltage 

VgS 

30 

Vdc 

Forward Gate Current 

'G(f) 

50 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 




Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

°CA/V 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 




Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

417 

°C/W 

Junction and Storage Temperature 

Tjr Tstg 

- 55 to +150 

°C 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBF4391L = 6J; MMBF4392L = 6K; MMBF4393L = 6G 


MMBF4391L 

thru 

MMBF4393L 

CASE 318-03, STYLE 10 
SOT-23 (TO-236AB) 


2 Source 



1 Drain 


JFET 

SWITCHING TRANSISTORS 

N-CHANNEL 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max 1 Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = 1.0 AAdc, Vds = 0) 

V(BR)GSS 

30 

— 

Vdc 

Gate Reverse Current 

'GSS 




(Vgs = 15 Vdc, Vds = O, Ta = 25°C) 


— 

1.0 

nAdc 

(Vgs = 15 Vdc, Vps = 0, Ta = 100°C) 


— 

0.20 

/MAdc 

Gate Source Cutoff Voltage ^ 

VGS(off) 



Vdc 

(Vds = 15 Vdc, Id = 10 nAdc) MMBF4391L ^ 


-4.0 

-10 


MMBF4392L 


-2.0 

-5.0 


MMBF4393L 


-0.5 

-3.0 



ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 

(Vds = 15 V, Vgs = o) 

IVIMBF4391L 

MMBF4392L 

MMBF4393L 

'dss 

50 

25 

5.0 

— 

150 

75 

30 

mAdc 

Drain Current 


Id 




(Vds = 15 Vdc, Vgs = 12 vdc) 



— 

1.0 

nAdc 

(Vds = 15, Vgs = 12 vdc, Ta = ioo°c) 



— 

1.0 

/LiAdc 

Drain-Source On-Voltage 


VDS(on) 



Vdc 

(Id = 12 mAdc, Vgs = 0) 

MMBF4391L 


— 

0.4 


(Id = 6.0 mAdc, Vgs = 0) 

MMBF4392L 


— 

0.4 


(Id = 3.0 mAdc, Vgs = 0) 

MMBF4393L 


— 

0.4 


Static Drain-Source On Resistance 


''DS(on) 



Ohms 

(Id = 1.0 mAdc, Vgs = 0) 

MMBF4391L 


— 

30 



MMBF4392L 


— 

60 



MMBF4393L 


— 

100 



SMALL'SIGNAL CHARACTERISTICS 


Input Capacitance 

(Vds = 15 Vdc, Vgs = 0, f = 1.0 mhz) 

Ciss 

_ 

14 

PF 

Reverse Transfer Capacitance 
(Vds = 0' Vgs = 12 vdc, f = 1.0 mhz) 

Crss 

— 

3.5 

PF 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

30 

Vdc 

Drain-Gate Voltage 

VdG 

30 

Vdc 

Gate-Source Voltage 

VgS 

30 

Vdc 

Gate Current 

'g 

10 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25°C 




Derate above 25°C 


1.8 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 




Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tjr Tgtg 

— 55 to +150 

X 


*FR-5 = 1.0x 0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBF4416L = 6A 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max 1 Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(IG = 1.0 AAdc, Vds = 0) 

V(BR)GSS 

30 

— 

Vdc 

Gate Reverse Current 

igss 




(Vgs = 20 Vdc, Vds = o) 


— 

1.0 

nAdc 

(Vgs = 20 Vdc, Vds = 0, Ta = 150X) 



200 

nAdc 

Gate Source Cutoff Voltage 
(Id = 1.0 nAdc, Vds = 15 Vdc) 

VGS(off) 


-6.0 

Vdc 

Gate Source Voltage 
(Id = 0.5 mAdc, Vds = 15 Vdc) 

Vgs 

-1.0 

-5.5 

Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 
(Vgs = 15 Vdc, Vgs = o) 

'dss 

5.0 

15 

/iAdc 

Gate-Source Forward Voltage 
(IG = 1.0 mAdc, Vds = 0) 

VGS(f) 

— 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 15 Vdc, Vgs = O, f = l.O kHz) 

lYfsl 

4500 

7500 

Amhos 

Output Admittance 

(Vds = 15 Vdc, Vgs = O, f = l.o kHz) 

IYosI 

— 

50 

Amhos 

Input Capacitance 

(Vds = 15 Vdc, Vgs = o, f = i.o mhz) 

Ciss 

— 

4.0 

PF 

Reverse Transfer Capacitance 
(Vds = 15 Vdc, Vgs = o, f = i.o mhz) 

Crss 

— 

0.8 

PF 

Output Capacitance 

(Vds = 15 Vdc, Vgs = o, f = i.o mhz) 

Coss 

— 

2.0 

pF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 

(Vds = 15 Vdc, Id = 5.0 mAdc, Rg « 1000 0, f = 100 MHz) 

(Vds = 15 Vdc, Id = 5.0 mAdc, Rg « 1000 O, f = 400 MHz) 

NF 

- 

2.0 

4.0 

dB 

Common Source Power Gain 

Gps 



dB 

(Vds = 15 Vdc, Id = 5.0 mAdc, f = 100 MHz) 


18 

— 


(Vds = 15 Vdc, Id = 5.0 mAdc, f = 400 MHz) 


10 

— 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

30 

Vdc 

Drain-Gate Voltage 

VdG 

30 

Vdc 

Reverse Gate-Source Voltage 

VGS(r) 

30 

Vdc 

Forward Gate Current 

lG(f) 

50 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 




Derate above 25°C 


1.8 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 




Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tstg 

-55 to +150 

X 


*FR-5 = 1.0 x 0.75 x 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MI\/IBF4860L = 6F 


IVIIVIBF4860L 

CASE 318-03, STYLE 10 
SOT-23 (TO-236AB) 


2 Source 



1 Drain 


JFET 

SWITCHING TRANSISTOR 

N-CHANNEL 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min I Max I Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq = 1-0 fxAdc, Vds ^ 0) 

V(BR)GSS 

30 

— 

Vdc 

Gate Reverse Current 

>GSS 




(Vqs 15 Vdc, Vds = 0) 


— 

0.5 

nAdc 

(VqS = 15 Vdc, Vds = 0, Ta = 150X) 


— 

2.0 

lxA6c 

Gate Source Cutoff Voltage 
(Vds = 15 Vdc, Id = 0.5 nAdc) 

VGS(off) 

-2.0 

-6.0 

Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain(l) 

(Vds = 15 Vdc, Vqs = 0) 

Idss 

20 

100 

mAdc 

Drain Cutoff Current 
(Vds = 15 Vdc, Vqs = 10 Vdc) 

(Vds = 15 Vdc, Vqs = lOVdc, Ta = 150X) 

iD(off) 

- 

0.25 

0.5 

nAdc 

IxAdc 

Drain-Source On-Voltage 
(Id = 10 mAdc, Vqs = 0) 

VDS(on) 

— 

0.5 

Vdc 

Static Drain-Source On Resistance 
(Vqs = 0, Id = 0,f = 1.0 kHz) 

rDS(on) 

— 

40 

Ohms 

Input Capacitance 

(Vds = 0, Vqs = 10 Vdc, f = 1.0 MHz) 

^iss 

— 

18 

pF 

Reverse Transfer Capacitance 
(Vds = 0, Vqs = 10 Vdc, f = 1.0 MHz) 

^rss 

— 

8.0 

pF 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vdd = 10 Vdc, iD(on) = 20 mAdc) 

(VG(on) = 0, VGS(off) = 10 Vdc) 

td 

— 

6.0 

ns 

Rise Time 

(Vdd = 10 Vdc, iD(on) = 10 mAdc) 

(VGS(on) = 0, VGS(off) = 6.0 Vdc) (Figure 1) 

tr 


4.0 

ns 

Turn-Off Time 1 

(Vdd = 10 Vdc, iD(on) = 5.0 mAdc) 

(VGS(on) = 0, VGS(off) = 4.0 Vdc) (Figure 1) 

^off 

1 

50 

ns 


(1) Pulse Test: Pulse Width = 100 ms, Duty Cycle ^ 10%. 
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MMBF4860L 


FIGURE 1 — SWITCHING TIMES TEST CIRCUIT 



TEST CIRCUIT 


tr<1.0ns tf<1.0ns 



VOLTAGE WAVEFORMS 


NOTES; 1 . The input wavelorms are supplied by a generator with the toilowing characteristics: 
Zout = 50 ohms, Duty Cycle = 2.0% 

2. Waveforms are monitor^ on an oscilloscope with the following characteristics: 
tr « 0.75 ns, Rjn 5= 1 0 megohm, Cjn « 2.5 pF. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

25 

Vdc 

Drain-Gate Voltage 

VdG 

25 

Vdc 

Reverse Gate-Source Voltage 

VGS(r) 

25 

Vdc 

Gate Current 

•g 

10 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25°C 




Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^^JA 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 




Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj' Tstg 

— 55 to +150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBF5457L = 6D 


IVIIVIBF5457L 

CASE 318-03, STYLE 10 
SOT-23 (TO-236AB) 


2 Source 



1 Drain 


JFET 

GENERAL PURPOSE TRANSISTOR 

N-CHANNEL 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Typ | Max | Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq = 10 yu-Adc, Vds = 0) 

V(BR)GSS 

25 

— z — 

- 

Vdc 

Gate Reverse Current 

'gss 




nAdc 

(Vgs = 15 Vdc, Vds = O) 


— 

— 

1.0 


(Vqs = 15 Vdc, Vds = 0, Ta = loox) i 


— 

— 

200 


Gate Source Cutoff Voltage 

VGS(off) 

0.5 

— 

-6.0 

Vdc 

(Vds = 15 Vdc, Id = 10 nAdc) 






Gate Source Voltage 

Vgs 

_ 

-2.5 

— 

Vdc 

(Vds = 15 Vdc, Id = 100 AtAdc) 







ON CHARACTERISTICS 


Zero-Gate-Voltage Drain(l) 

Idss 

1.0 

_ 

5.0 

mAdc 

(Vds = 15 Vdc, Vqs = 0) 

1 

1 





SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance(1 ) 

(Vds = 15 Vdc, Vgs = O, f - l.o kHz) 

lYfsl 

1000 

- 

5000 

yamhos 

Reverse Transfer Admittance 
(Vds = 15 Vdc, Vgs = O, f = l.o kHz) 

IVrsI 

— 

10 

50 

/Ltmhos 

Input Capacitance 

(Vds = 15 Vdc, Vgs = o, f = i.o mhz) 

^iss 

— 

4.5 

1 

7.0 

pF 

Reverse Transfer Capacitance 

(Vds = 15 Vdc, Vgs = o, f = i.o mhz) i 

^rss 

__ 

1.5 

3.0 

1 

PF 


(1) Pulse test: Pulse Width 630 ms; Duty Cycle 10%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Gate Voltage 

VdG 

25 

Vdc 

Reverse Gate-Source Voltage 

VGS(r) 

-25 

Vdc 

Gate Current 

IG 

10 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj' Tstg 

— 55 to +150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBF5459L = 6L 


IVIMBF5459L 

CASE 318-03, STYLE 10 
SOT-23 (TO-236AB) 


2 Source 



1 Drain 


JFET 

TRANSISTOR 

N-CHANNEL 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq = -10 fxA, Vds = 0) 

V(BR)GSS 

25 

— 

Vdc 

Gate 1 Leakage Current 

(Vgs = -15 V, Vds = o) 

Igiss 

— 

1.0 

nA 

Gate 2 Leakage Current 
(Vgs = -15 V, Vds = o, ta - loox) 

IG2SS 

— 

200 

nA 

Gate Source Cutoff Voltage 
(Vds = 15 V, Id = lOnA) 

VGSIoff) 

-2.0 

-8.0 

Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 

'dss 

4.0 

16 

mA 

(Vds = 15 V, Vgs = o) 






SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 15 V, Vgs = o, f = i.o kHz) 

lYfsl 

2000 

6000 

/amhos 

Output Admittance 
(Vds = 15 V, Vgs = o, f = i.o kHz) 

IVosI 

— 

50 

jumhos 

Input Capacitance 

(Vds = 15 V, Vgs = o, f = i.o mhz) 

Ciss 

— 

7.0 

PF 

Reverse Transfer Capacitance 
(Vds = 15 V, Vgs = o, f = i.o mhz) 

Crss 

— 

3.0 

PF 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Gate Voltage 

VdG 

40 

Vdc 

Reverse Gate-Source Voltage 

VgSR 

40 

Vdc 

Forward Gate Current 

Igf 

10 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 




Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 




Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

XA/V 

Junction and Storage Temperature 

Tj' Tstg 

-55 to -f- 150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

[ MMBF5460L = 6E 



ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min | Typ [ Max | Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(iQ = 10 AAdc, Vds = 0) 

V(BR)GSS 

40 


— 

Vdc 

Gate Reverse Current 

•gss 





(Vgs = 20 Vdc, Vds = 0) 

— 

_ 

5.0 

nAdc 

(Vgs = 20 Vdc, Vds = o, ta = loox) 


— 



1.0 

IxAdc 

Gate Source Cutoff Voltage 
(Vds = 15 Vdc, Id = 1-0 ^Adc) 

VGS(off) 

0.75 


6.0 

Vdc 

Gate Source Voltage 
(Vds = 15 Vdc, Id = 0.1 mAdc) 

Vgs 

0.5 


4.0 

Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 

Idss 

-1.0 

_ 1 

1 

-5.0 

mAdc 

(Vds = 15 Vdc, Vgs = o) 








SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 15 Vdc, Vgs = O, f = l.o kHz) 

lYfsl 

1000 

— 

4000 

jLtmhos 

Output Admittance 

(Vds = 15 Vdc, Vgs = O, f = I.O kHz) 

IVosI 

— 

— 

75 

Amhos 

Input Capacitance 

(Vds = 15 Vdc, Vgs = o, f = i.o mhz) 

Ciss 

— 

5.0 

7.0 

PF 

Reverse Transfer Capacitance 
(Vds = 15 Vdc, Vgs = o, f = i.o mhz) 

Crss 

— 

1.0 

2.0 

PF 

Equivalent Short-Circuit Input Noise Voltage 
(Vds = 15 Vdc, Vgs = o, rg = i.o mh, 
f = 100 Hz, BW = 1.0 Hz) 

©n 


20 


nV/VHz 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Gate Voltage 

vdg 

25 

Vdc 

Reverse Gate-Source Voltage 

VGS(r) 

25 

Vdc 

Forward Gate Current 

lG(f) 

10 

mAdc 

Continuous Device Dissipation at or Below 
Tc = 25°C 

Pd 

200 

mW 

Linear Derating Factor 


2.8 

mW/°C 

Storage Channel Temperature Range 

^stq 

- 65 to +150 

°C 


THERMAL CHARACTERISTICS 



Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 




Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 




Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj, Tstg 

-55 to +150 

X 


*FR-5 = 1.0 x 0.75x 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


DEVICE MARKING 

MMBF5484L = 6B 


ELECTRICAL CHARACTERISTICS (T/s^ = 25°C unless otherwise noted.) 

Characteristic | Symbol I Min I Max I Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq = -1.0 fiA, Vds = 0) 

V(BR)GSS 

-25 

- 

Vdc 

Gate Reverse Current 

>GSS 




(Vgs = -20 V, Vds = o) 


— 

-1.0 

nA 

(Vqs = -20 V, Vds = o, Ta = loox) 


— 

-0.2 

fxA 

Gate Source Cutoff Voltage 
(Vds = 15 V, Id = lOnA) 

VGS(off) 

-0.3 

-3.0 

Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 

>DSS 

1.0 

5.0 

mAdc 

(Vds = 15 V, Vgs = 0) 






SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 15 V, Vgs = o, f = i.o kHz) 

IVfsl 

3000 

6000 

Amhos 

Output Admittance 
(Vds = 15 V, Vgs = o, f = i.o kHz) 

IVosI 

— 

50 

Amhos 

Input Capacitance 

(Vds = 15 V, Vgs = o, f = i.o mhz) 

^iss 

— 

5.0 

PF 

Reverse Transfer Capacitance 
(Vds = 15 V, Vgs = o, f = i.o mhz) 

Crss 

— 

1.0 

PF 

Output Capacitance 
(Vds = 15 V, Vgs = o, f = i.o mhz) 

Coss 

— 

2.0 

pF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 

— 

NF 



dB 

(Vds = 15 V, Id = 1.0 mA, YG' = 1.0 mmhos) 





(Rg = 1.0 kfl, f = 100 MHz) 


— 

3.0 


(Vds = 15 V, Vgs = o, yg' = i.o ^nmho) 





(Rg = 1.0 Ma, f = 1.0 kHz) 


— 

2.5 


Common Source Power Gain 
(Vds = 15 Vdc, Id = i.o mAdc, f = 100 MHz) 

Gps 

16 

25 

dB 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Gate Voltage 

VdG 

25 

Vdc 

Reverse Gate-Source Voltage 

VGS{r) 

25 

Vdc 

Forward Gate Current 

'G{f) 

10 

mAdc 


THERMAL CHARACTERISTICS 


*FR-5 = 1.0x0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


DEVICE MARKING 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25'’C 

Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

7j/ Tstq 

— 55 to +150 

X 


MIVIBF5486L 


CASE 318-03, STYLE 10 
SOT-23 (TO-236AB) 




JFET 

TRANSISTOR 

N-CHANNEL 


MMBF5486L = 6H 


ELECTRICAL CHARACTERISTICS (Ta - 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 

(Vds = 0, Ig = -1.0 aA) 

V(BR)GSS 

-25 

— 

Vdc 

Gate 1 Leakage Current 
(Vgs = -20 V, Vds = o) 

'giss 

— 

-1.0 

nA 

Gate 2 Leakage Current 

(Vgs = -20 V, Vds = o, Ta = loox) 

'G2SS 

— 

-0.2 

IxA 

Gate Source Cutoff Voltage 
(Vds = 15 V, Id = lOnA) 

VGS(off) 

-2.0 

-6.0 

Vdc 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain i 

(Vgs = 0^ Vds = 15 V) 

'dss 

8.0 

20 

mA 


SMALL-SIGNAL CHARACTERISTICS 



Forward Transfer Admittance 
(Vgs = 0' Vds = i5 v, f = i.o kHz) 

IVfsl 

4000 

8000 

/imhos 

Input Admittance 

(Vgs = 0' Vds = i5 v, f = 4oo mhz) 

Re(yis) 

— 

1000 

Amhos 

Output Admittance 
(Vgs = 0' Vds = i5 v, f = i.o kHz) 

IVosl 

— 

75 

/Limhos 

Output Conductance 

(Vgs = 0, Vds = i5 v, f = 4oo mhz) 

Re(yos) 

— 

100 

Amhos 

Forward Transconductance 

(Vgs = O' Vds = i5 v, f = 4oo mhz) , 

Re(yfs) 

3500 

— 

/amhos 

Input Capacitance 

(Vgs = 0, Vds = 15 v,f = 1.0 MHz) | 

Ciss 

— 

5.0 

PF 

Reverse Transfer Capacitance ! 

(Vgs = 0, Vds = i5 v, f = i.o mhz) 

Crss 

— 

1.0 

PF 

Output Capacitance 
(Vgs = 0 , Vds = i5 v, f = i.o mhz) 

Coss 

— 

2.0 

pF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 

(Vds = 15 V, Id = 4.0 mA, f = 100 MHz, Yg = 1.0 Amhos) 

(Vds = 15 V, Id = 4.0 mA, Rg = 1.0 kn, f = 400 MHz, Yg = 1.0 Atmhos) 

(Vgs = 0, Vds = 15 V, Rg = 1.0 mO, f = 1.0 kHz, Yg = 1.0 /ixmhos) 

NF 

- 

2.0 

4.0 

2.5 

dB 

Common Source Power Gain 

Gps 



dB 

(Vds = 15 V, Id = 4.0 mA, f = 100 MHz) 


18 

30 


(Vds = 15 V, Id = 4.0 mA, f = 400 MHz) 


10 

20 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

25 

Vdc 

Gate-Source Voltage 

vgs 

25 

Vdc 

Gate Current 

ig 

10 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 1 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R0JA 

417 

°C/W 

Junction and Storage Temperature 


— 55 to -1-150 

°C 


*FR-5 = 1.0x0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBFJ310L = 6T 




ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit | 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 

(Iq = -I.O/aAdc, Vds = 0) 

V(BR)GSS 

-25 

— 

— 

Vdc 

Gate Reverse Current 
(Vgs = -15 V) 

igss 



-1.0 

nAdc 

(Vgs = -15 V, Ta = i25°c) 


— 

— 

-1.0 

^Adc 

Gate Source Cutoff Voltage 

VGS(off) 

-2.0 

— 

-6.5 

Vdc 

(Vds = 10 Vdc, Id = 1.0 nAdc) 






ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 

(Vds = 10 Vdc, Vgs = o) 

'dss 

24 

— 

60 

mAdc 

Gate-Source Forward Voltage 
(Ig = 1.0 mAdc, Vds = 0) 

VGS(f) 

— 

— 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 10 Vdc, Id = 10 mAdc, f = 1.0 kHz) 

lYfsl 

8.0 

— 

18 

mmhos 

Output Admittance 

(Vds = 10 Vdc, Id = 10 mAdc, f = 1.0 kHz) 

IYosI 

— 

— 

250 

/xmhos 

Input Capacitance 

(Vgs = -10 Vdc, Vds = o vdc, f = i.o mhz) 

Ciss 

— 

— 

5.0 

PF 

Reverse Transfer Capacitance 
(Vgs = -10 Vdc, Vds = o vdc, f = i.o mhz) 

(^rss 

— 

— 

2.5 

PF 

Equivalent Short-Circuit Input Noise Voltage 
(Vds = 10 Vdc, Id = 10 mAdc, f = 100 Hz) 

®n 

— 

10 

— 

nV/VlHz 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

25 

Vdc 

Gate-Source Voltage 

vgs 

25 

Vdc 

Gate Current 

‘G 

10 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 

1.8 

mW/°C 


Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

417 

°C/W 

Junction and Storage Temperature 

Tj' Tstg 

-55 to -1-150 

°C 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBFU310L - 6C 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min I Max I Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(IG = -1.0 aA,Vds = 0) 

V(BR)GSS 

-25 

— 

Vdc 

Gate 1 Leakage Current 

(Vgs = -15V,Vds = 0) 

'GISS 

- 

-150 

pA 

Gate 2 Leakage Current 
(Vgs = -15 V, Vds = O, Ta = 125°C) 

'G2SS 

— 

-150 

nA 

Gate Source Cutoff Voltage 
(Vds = 10 V, Id = i.o nA) 

VGS(off) 

-2.5 

-6.0 

Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 

(Vds = 10 V, Vgs = o) 

•dss 

24 

60 

mA 

Gate-Source Forward Voltage 

(IG = 10 mA, Vds = 0) ' 

VGS(f) 

_ 

1.0 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 10 V, Id = 10 mA, f = i.o kHz) 

lYfsl 

10 

18 

mmhos 

Output Admittance 

(Vds = 10 V, Id = 10 mA, f = i.o kHz) 

Ivosl 

— 

250 

/imhos 

Input Capacitance 

(Vgs = -10 V, Vds = io v, f = i.o mhz) 

Ciss 

— 

5.0 

PF 

Reverse Transfer Capacitance 

(Vgs = -10 V, Vds = io v,f = i.o mhz) 

Crss 


2.5 

PF 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdSS 

200 

Vdc 

Gate-Source Voltage 

VgS 

±20 

Vdc 

Drain Current — Continuous (1) 

Id 

400 

mAdc 

— Pulsed (2) 

idm 

800 


Total Power Dissipation @ Ta = 25°C 

Pd 

0.6 

Watts 

Derate above 25°C 


4.8 

mW/°C 

Operating and Storage 

Tgtg 

-55 to 150 

X 

Temperature Range 



Thermal Resistance Junction to Ambient 

^JA 

208 

°c/w 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ [ Max | Uiii^ 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage (V(3s = 0, Id = 0.5 mA) 

V(BR)DSS 

200 

— 

— 

Vdc 

Zero Gate Voltage Drain Current 
(Vds = 200 V, Vgs = 0) 

IDSS 

— 

0.1 

60 

/lAdc 

Gate-Body Leakage Current 
(Vgs = 20 V, Vds = o) 

•gss 

i 


0.01 

100 

nAdc 


ON CHARACTERISTICS* 


Gate Threshold Voltage (Id = 1-0 mA, Vds = Vgs) 

VGS(th) 

1.0 

— 

2.7 

Vdc 

Drain-Source On-Voltage (Vgs = 10 V) 

VDS(on) 




Vdc 

(Id = 100 mA) 


— 

0.45 

0.6 


(Id = 300 mA) 


— 

1.2 

1.8 


(Id = 500 mA) 


— 

3.0 

— 


On-State Drain Current 

iD(on) 

500 

700 

— 

mA 

(Vds = 25 V, Vgs = 10 v) 





Static Drain-Source On-Resistance (Vgs = 10 Vdc) 

|■DS(on) 




Ohms 

(Id = 150 mA) 

— 

4.5 

6.0 


(Id = 300 mA) 


— 

— 

6.0 


(Id = 500 mA) 




6.0 

— 


Forward Transconductance (Vds 25 V, Id = 300 mA) 

9fs 

140 

400 

— 

mmhos 


DYNAMIC CHARACTERISTICS 


Input Capacitance 

(Vds = 25 V, Vgs = o, f = i.o mhz) 

Cjss 


72 

— 

pF 

Output Capacitance 
(Vds = 25 V, Vgs = o, f = i.o mhz) 

^oss 

— 

15 

— 

PF 

Reverse Transfer Capacitance 
(Vds = 25 V, Vgs = o, f = i.o mhz) 

Crss 

— 

2.8 

— 

pF 


SWITCHING CHARACTERISTICS* 


Turn-On Time (See Figure 1) 

Ion 

— 

6.0 

— 

ns 

Turn-Off Time (See Figure 1) 

loff 

— 

12 

— 

ns 


(1) The Power Dissipation of the package may result in a lower continuous drain current. 

(2) Pulse Width ^ 300 /as. Duty Cycle 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Drain-Source Voltage 

Vds 

25 

Drain-Gate Voltage 

vdg 

25 

Gate-Source Voltage 

Vgs 

-25 

Gate Current 

•g 

10 

Total Device Dissipation @ T/^ = 25^ 

pd 

200 

Derate above 25°C 


2 

Junction Temperature Range 

Tj 

125 

Storage Temperature Range 

Istg 

- 65 to -1-150 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted. 

I Characteristic 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 

(IG = -10/xAdc, Vps = 0) 

Gate Reverse Current 
(Vgs = -15 Vdc, Vds = 0) 

(VGS = -15Vdc, Vps - 0, Ta = 100°C) 

Gate Source Cutoff Voltage 

(VpS = 15 Vdc, Ip = 2.0 nAdc) 

Gate Source Voltage 

(VpS = 15 Vdc, Ip = 0.2 mAdc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current* 

(VpS = 15 Vdc, Vgs = 0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Forward Transfer Admittance* 

(Vps = 15 Vdc, Vgs = 0, f = 1.0 kHz) 

(VpS = 15 Vdc, Vgs = 0> f = IQO MHz) 

Input Admittance 

(VpS = 15 Vdc, Vgs = 0> f = lOO MHz) 

Output Conductance 

(VpS = 15 Vdc, Vgs = 0, f = 100 MHz) 

Input Capacitance 

(VpS = 15 Vdc, Vgs = O.f = 10 MHz) 

Reverse Transfer Capacitance 
(Vps = 15 Vdc, Vgs = 0, f = 1.0 MHz) 

* Pulse Test: Pulse Width 630 ms; Duty Cycle < 10%. 
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IVIPF102 


Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 

mW/°C 

°C 

X 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 



JFET 

VHF AMPLIFIER 


N-CHANNEL — DEPLETION 


Refer to 2N4416 for graphs. 


V(BR)GSS 

-25 

- 

Vdc 

'gss 

- 

-2.0 

-2.0 

nAdc 

/xAdc 

VGS(off) 

— 

-8.0 

Vdc 

Vgs 

1 

-0.5 

-7.5 

Vdc 


Idss 

2.0 

20 

mAdc 


4 


IVfsl 

2000 

1600 

7500 

/Ltmhos 

Re(yis) 

— 

800 

/imhos 

Re(yos) 

— 

200 

/Ltmhos 

Ciss 

— 

7.0 

PP 

Crss 

j 

3.0 

pF 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

25 

Vdc 

Drain-Gate Voltage 

VdG 

25 

Vdc 

Reverse Gate-Source Voltage 

Vqsr 

25 

Vdc 

Forward Gate Current 

'G(f) 

10 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj, Tgtg 

- 65 to +150 

X 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 



RF AMPLIFIER 

N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Iq = 10 AiAdc, Vds = 0) 

V(BR)GSS 

25 

— 

— 

Vdc 

Gate Reverse Current 
(Vgs = 15 Vdc, Vds o) 

'gss 

— 

— 

5.0 

nAdc 

Gate Source Cutoff Voltage 
(Vds = 15 Vdc, Id = 200 fjuAdc) 

VGS(off) 

— 

I 

-5.0 

Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain 

•dss 

10 

_ 

_ 

mAdc 

(Vds = 15 Vdc, Vgs = o) 1 

1 



i 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = 15 Vdc, Vgs = 0, f = 1.0 kHz) 

IVfsl 

— 

20 

— 

mmhos 

Input Capacitance 

(Vds = 15 Vdc, Id = 10 mAdc, f = 1.0 MHz) 

Ciss 

— 

15 

— 

PF 

Reverse Transfer Capacitance 
(Vds = 15 Vdc, Id = 10 mAdc, f = 1.0 MHz) 

Crss 

— 

3.5 

— 

PF 

Common-Gate Input Conductance 
(Vds = 15 Vdc, Id = 10 mAdc, f = 100 MHz) 

9ig 

— 

16 

— 

mmhos 

Common-Gate Output Conductance 
(Vds = 15 Vdc, Id = 10 mAdc, f = 100 MHz) 

^og 

— 

— 

16 

/Ltmhos 

Common-Gate Forward Transadmittance 
(Vds = 15 Vdc, Id = 10 mAdc, f = 100 MHz) 

vfg 

— 

18 

— 

mmhos 

Common-Gate Reverse Transadmittance 
(Vds = 15 Vdc, Id = 10 mAdc, f = 100 MHz) 

yrg 

— 

_ 

130 

/xmhos 

Output Capacitance 

(Vds = 15 Vdc, Id = 10 mAdc, f = 1.0 kHz) 

CqsS 

— 

3.5 

— 

pF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 

(Vds = 15 Vdc, Id = 10 mAdc, See Figure 5) 

NF 

— 

— 

4.0 

dB 

Small-Signal Power Gain 
(Vds = 15 Vdc, Id = 10 mAdc, See Figure 5) 

®pg 

— 

11 

— 

dB 
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Ciss, INPUT CAPACITANCE (pF) NF,NOISE FIGURE (dB) 


MPF820 


FIGURE 1 - NOISE FIGURE 


FIGURE 2 - FORWARD TRANSADMITTANCE 



f= 100 

— 

MHz 








































0.6 0.8 1.0 


RG, SOURCE RESISTANCE (KILOHMS) 


Id, DRAIN CURRENT (mA) 


FIGURE 3 - INPUT CAPACITANCE 


FIGURE 4 - OUTPUT AND REVERSE 
TRANSFER CAPACITANCE 
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Vgs, GATE-SOURCE VOLTAGE (VOLTS) 


4.0 8.0 12 

Id, DRAIN CURRENT (mA) 


7 TURNS, #18 AWG 
3/16" I.D., C.T. 
3/18"WINDING LENGTH 


FIGURE 5 - 100 MHz TEST Cl RCUIT 


3.0 pF 

1/ ✓ OUTPUT 


, . ^ 8 TURNS, #22 AWG 

J/ 0 8-8 0 K 5/32" I.D., C.T. 

330pF ;j;i0pF ^ pp J 5/16" WINDING LENGTH 


-15 V Vg ADJUSTS FOR 

Id = 10 mA 
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MPF910 


For Specifications, See MFE910 Data. 


MAXIMUM RATINGS 


Rating 

Symbol 

MPF930 MPF960 MPF990 

Unit 

Drain-Source Voltage 

Vds 

35 60 90 

Vdc 

Drain-Gate Voltage 

Vdg 

35 60 90 

Vdc 

Gate-Source Voltage 

Vqs 

±30 

Vdc 

Drain Current 

Continuous (1) 

Pulsed (2) 

Id 

Idm 

2.0 

3.0 

Adc 

Total Device Dissipation 
@ Ta = 25°C 

Derate above 25°C 

Pd 

o o 
00 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj. Tgtg 

-55 to 150 

°C 

Thermal Resistance 

^JA 

125 

X/W 


IVIPF930 

MPF960 

IVIPF990 

CASE 29-03, STYLE 22 
TO-92 (TO-226AE) 



(1) The Power Dissipation of the package may result in a lower continuous drain 
current. 

(2) Pulse Width 300 /xs, Duty Cycle 2.0%. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 


TMOS 

SWtTCHING 

N-CHANNEL — ENHANCEMENT 
Refer to MFE930 for graphs. 


Drain-Source Breakdown Voltage 

(Vqs = 0, Id = 10 M) MPF930 

MPF960 

MPF990 

V(BR)DSX 

35 

60 

90 

- 

- 

Vdc 

Gate Reverse Current (Vqs = 15 Vdc, Vds = 0) 

igss 

- 


50 

nAdc 


ON CHARACTERISTICS* 

Zero-Gate-Voltage Drain Current (Vps = Maximum Rating, Vqs = 0) 
Gate Threshold Voltage (Iq = 1.0 mA, Vqs = Vqs) 

Drain-Source On-Voltage (Vqs = 10 V) 

(Id = 0.5 A) MPF9: 


(Id = 1.0 A) 


(Id = 2.0 A) 


Static Drain-Source On Resistance 
(Vqs = 10 Vdc. Id = 1.0 Adc) 


On-State Drain Current (Vds = 25 V, Vqs = 10 V) 

SMALL-SIGNAL CHARACTERISTICS 


— 

10 

/LtAdc 

— 

3.5 

Vdc 



Vdc 

0.4 

0.7 


0.6 

0.8 


0.6 

1.2 


0.9 

1.4 


1.2 

1.7 


1.2 

2.4 


2.2 

3.0 


2.8 

3.5 


2.8 

4.8 




Ohms 

0.9 

1.4 


1.2 

1.7 


1.2 

2.0 


2.0 

— 

Amps 


Input Capacitance (Vds = 25 V, Vqs = 0, f = 1.0 MHz) 

Ciss 

— 

60 

70 

PF 

Reverse Transfer Capacitance (Vds == 25 V, Vqs = 0, f = 1.0 MHz) 

Crss 

— 

13 

18 

pF 

Output Capacitance (Vds = 25 V, Vqs = 0, f = 1.0 MHz) 

^oss 

— 

49 

60 

pF 

Forward Transconductance (Vds = 25 V, Id = 0.5 A) 

gfs 

200 

380 

- 

mmhos 


SWITCHING CHARACTERISTICS 


Turn-On Time 

^on 

— 

7.0 

15 

ns 

Turn-Off Time 

toff 

- 

7.0 

15 

ns 


*Pulse Test: Pulse Width < 300 fis, Duty Cycle 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

25 

Vdc 

Drain-Gate Voltage 

VdG 

30 

Vdc 

Reverse Gate-Source Voltage 

VqSR 

30 

Vdc 

Forward Gate Current 

'G{f) 

10 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

350 

mW 

Derate above 25°C 


2.8 

mwrc 

Storage Channel Temperature Range 

^stg 

- 65 to +150 

°C 

Operating Temperature Range 

^channel 

-65 to +150 

X 


MPF970 

IVIPF971 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 



JFET 

SWITCHING 

P-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ T Max I Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(IG = 1.0 AiAdc, Vds = 0) 

V(BR)GSS 

30 



— 

Vdc 

Gate Reverse Current 


less 





(Vgs = 15 Vdc, Vds = o) 



— 

— 

1.0 

nAdc 

(Vgs = 15 Vdc, Vds = O, Ta = 150°C) 



— 

— 

1.0 

/iAdc 

Drain-Cutoff Current 


•D(off) 





(Vds = 15 Vdc, Vgs = 12 vdc) 

MPF970 


— 

— 

10 

nAdc 

(Vds = 15 Vdc, Vgs = 12 vdc, ta = i5o°c) 

MPF970 


— 


10 

/u-Adc 

(Vds = 15 Vdc, Vgs = 7.o vdc) 

MPF971 


— 


10 

nAdc 

(Vds = 15 Vdc, Vgs = 7.0 vdc, ta = i5o°c) 

MPF971 


— 

— 

10 

IJiAdc 

Gate Source Cutoff Voltage 


VGS(off) 




Vdc 

(Vds = 15 Vdc, Id = 10 nAdc) 

MPF970 


5.0 

— 

12 



MPF971 


1.0 

— 

7.0 



ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(l) 

(Vds = 20 Vdc, Vgs = o) 

MPF970 

MPF971 

'dss 

-15 

-2.0 

- 

— 

-100 

-50 

mAdc 

Drain-Source On-Voltage 


VDS(on) 




Vdc 

(Id = 10 mAdc, Vgs = 0) 



— 

— 

1.5 


(Id = 1.5 mAdc, Vgs = 0) 



— 

— 

1.5 


Static Drain-Source On Resistance 


rOSIon) 




Ohms 

(Id = 1.0 mAdc, Vgs = 0) 

MPF970 


— 

— 

100 



MPF971 


— 

— 

250 



SMALL-SIGNAL CHARACTERISTICS 


Drain-Source "ON” Resistance 
(Vgs = 0, Id = 0,f = 1.0 kHz) 

MPF970 

MPF971 

*’ds(on) 

- 

- 

100 

250 

Ohms 

Input Capacitance 


Ciss 




PF 

(Vgs = 12 Vdc, Vds = 0, f = 1.0 mhz) 

MPF970 


— 

— 

12 


(Vgs = 7.0 Vdc, Vds = 0, f = 1.0 mhz) 

MPF971 


— 

— 

12 


Reverse Transfer Capacitance 


Crss 




pF 

(Vgs = 12 Vdc, Vds = 0, f = 1.0 mhz) 

MPF970 


— 

— 

5.0 


(Vgs = 7.0 Vdc, Vds = 0, f = 1.0 mhz) 

MPF971 


— 

— 

5.0 
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MPF970, MPF971 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25 
Characteristic 

SWITCHING CHARACTERISTICS (See Figure 6, Rk = 0) (1) 

Rise Time 

(iD(on) = lO mAdc, VGS(off) = 12 Vdc) 

(iD(on) = 1.5 mAdc, VGS(off) = 7.0 Vdc) 

Fall Time 

<lD(on) = 10 mAdc, VGS(off) = 12 Vdc) 

(iD(on) = 1-5 mAdc, VGS(off) = 7.0 Vdc) 

Turn-On Time 

(iD(on) = 10 mAdc, VGS(off) = 12 Vdc) 

(iD(on) = 1-5 mAdc, VGS(off) = 7-0 Vdc) 

Turn-Off Time 

(iD(on) = 10 mAdc, VGS(off) = 12 Vdc) 

(iD(on) = 1-5 mAdc, VGS(off) = 7-0 Vdc) 

(1) Pulse Test: Pulse Width ^ 100 /xs, Duty Cycle < 1.0%. 


25°C unless otherwise noted.) 

I Symbol 





FIGURE 1 - EFFECT OF IqsS ON DRAIN-SOURCE 
RESISTANCE AND GATE -SOURCE VOLTAGE 
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FIGURE 2 - TURN-ON DELAY TIME 


Tchannel ® 25°C 


VGS(off) = 12 V (MPF970) 


7.0 V MPF971) 
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FIGURE 3 - RISE TIME 
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Id, DRAIN CURRENT (mA) 
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MPF970, MPF971 




Id, drain current (mA) 


Id, drain current (mA) 


FIGURE 6 - SWITCHING TIME TEST CIRCUIT 



PULSE WIDTH = 2.0 ns RD+Rt+50 

DUTY CYCLE <2.0% 


NOTE 1 

The switching characteristics shown above were measured using a 
test circuit similar to Figure 6. At the beginning of the switching 
interval, the gate voltage is at Gate Supply Voltage (+\/ qq ). The 
Drain-Source Voltage (Vds) slightly lower than Drain Supply 
Voltage (Vdq) due to the voltage divider. Thus Reverse Transfer 
Capacitance (C^ss) or Gate-Drain Capacitance (Cgd) is charged to 

Vqg + Vds- 

During the turnon interval, Gate-Source Capacitance (Cgs) 
discharges through the series combination of RQen ^od Rk- Cgd 
must discharge to VDs(on) through Rq and Rk in series with the 
parallel combination of effective load impedance (R'd) and 
Drain-Source Resistance (r^is)- During the turnoff, this charge 
flow is reversed. 

Predicting turnon time is somewhat difficult as the channel 
resistance r^jg is a function of the gate-source voltage. While Cgg 
discharges, Vqs approaches zero and r^jg decreases. Since Cgd 
discharges through r^jg, turnon time is non-linear. During turnoff, 
the situation is reversed with rjjg increasing as Cgjj charges. 

The above switching curves show two impedance conditions; 1 > 
Rk is equal to Rq, which simulates the switching behavior of 
cascaded stages where the driving source impedance is normally 
the load impedance of the previous stage, and 2) Rk =0 (low 
impedance) the driving source impedance is that of the generator. 



FIGURE 7 - TYPICAL FORWARD TRANSFER ADMITTANCE 



FIGURE 8 - TYPICAL CAPACITANCE 
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MPF3330 


IVIPF990 

For Specifications, See MPF930 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Gate Voltage 

VdG 

I 20 

Vdc 

Gate-Source Voltage 

VgS 

20 

Vdc 

Reverse Gate-Source Voltage 

VqsR 

20 

Vdc 

Gate Current 

Ig 

10 

mA 

Total Device Dissipation @ Ta = 25°C 

Pd 

310 

mW 

Derate above 25°C 


2.82 

mwrc 

Storage Temperature Range 

Tsta 

— 65 to +150 

°C 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 



JFET 

LOW FREQUENCY, LOW NOISE 

P-CHANNEL — DEPLETION 


Refer to 2N5460 for graphs. 


ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted.) 



OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = 10 /xA) 

V(BR)GSS 

20 

— 

Vdc 

Gate Reverse Current 

(Vgs = 10 V) 

Igss 


10 

nA 

Gate Source Cutoff Voltage 
(Vds = -15 V, Id = ^0^xA) 

VGS(off) 


6.0 

Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 

'dss* 

-2.0 

-6.0 

mA 

(Vds = -10 V) 





Drain-Source Resistance 
(Id = 100 /xA, Vgs = o) 

rDS 

— 

800 

a 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vds = - 10 V, Id = 2.0 mA, f = 1 .0 kHz) 

IVfsl* 

1500 

3000 

/xmhos 

Output Admittance 

(Vds = -10 V, Id - 2.0 mA, f = 1.0 kHz) 

IVosI 

— 

40 

/Lxmhos 

Input Capacitance 

Ciss 

— 

20 

PF 


(VpS = - 10 Volts, Vqs = l O Volt f = 1.0 MHz) 

FUNCTIONAL CHARACTERISTICS 


Noise Figure 

NF 

_ 

3.0 

dB 

(Vds = -5.0 V, Id = 1.0 mA, Rg = 1.0 MCI) 






*Pulse Width ^ 100 ms. Duty Cycle < 10%. 
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MPF3821 

MPF3822 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

50 

Vdc 

Drain-Gate Voltage 

VdG 

50 

Vdc 

Gate-Source Voltage 

VgS 

-50 

Vdc 

Drain Current 

'd 

10 

mAdc 

Total Device Dissipation @ T/^ = 25°C 

Pd 

310 

mW 

Derate above 25°C 


2.0 

mW/°C 

Junction Temperature Range 

Tj 

125 

X 

Storage Temperature Range 

I§ia 

-65 to 150 

°C 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 



GENERAL PURPOSE 

N-CHANNEL — DEPLETION 


Refer to 2N4220 for graphs. 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

Characteristic I Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(IG = -TO^tAdc, Vds = 0) 

V(BR)GSS 

-50 

- 

Vdc 

Gate Reverse Current 


'GSS 



nAdc 

(Vgs = -30Vdc, Vds = 0 ) 



— 

-0.1 


(Vqs = -30 Vdc, Vds = 0, Ta = 150°C) 



— 

-100 


Gate Source Cutoff Voltage 


VGS(off) 



Vdc 

(Id = 0.5 nAdc, Vds ^ 15 Vdc) 

MPF3821 


— 

-4.0 



MPF3822 


— 

-6.0 


Gate Source Voltage 


Vgs 



Vdc 

(Id = 50 AAdc, Vds = 15 Vdc) 

MPF3821 


-0.5 

-2.0 


(Id = 200 fiAdc, Vds = is Vdc) 

MPF3822 


-1.0 

-4.0 



ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(l) 


'dss 



mAdc 

(Vds = 15 Vdc, Vgs = o) 

MPF3821 


0.5 

2.5 



MPF3822 


2.0 

10 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 

(Vds = 15 Vdc, Vgs = O, f = l.o kHz)(1) MPF3821 

MPF3822 

(Vds = 15 Vdc, Vgs = O, f = IOO MHz) MPF3821 

MPF3822 

Ivfsl 

1500 

3000 

1500 

3000 

4500 

6500 

Amhos 

Output Admittance(l) 

(Vds = 15 Vdc, Vgs = O, f = l.o kHz) MPF3821 

MPF3822 

IVosI 

- 

10 

20 

jamhos 

input Capacitance 

(Vds = 15 Vdc, Vgs = o, f = i.o mhz) 

Ciss 

— 

6.0 

PF 

Reverse Transfer Capacitance 
(Vds = 15 Vdc, Vgs = o, f = i.o mhz) 

^rss 

— 

3.0 

PF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 

(Vds = 15 Vdc, Vgs = O, Rs = i.o megohm, 
f = 10 Hz, Noise Bandwidth = 5.0 Hz) 

NF 

— 

5.0 

dB 

Equivalent Input Noise Voltage 

(Vds = 15 Vdc, Vqs = 0, f = 10 Hz, Noise Bandwidth = 5.0 Hz) 

en 

— 

200 

nv/HzV2 


(1) Pulse Test: Pulse Width 100 ms. Duty Cycle ^ 10%. 
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IVIPF3970 

MPF3972 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

40 

Vdc 

Drain-Gate Voltage 

VdG 

40 

Vdc 

Reverse Gate-Source Voltage 

VgSR 

-40 

Vdc 

Forward Gate Current 

•gf 

50 

mA 

Total Device Dissipation @ Ta = 25°C 

Pd 

310 

mW 

Derate above 25°C 


2.82 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tgtg 

— 65 to +150 

°C 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 



3 2 Source 


JFET 

SWITCHING 

N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic H Symbol 1 Min | Max j Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 

(Iq = 1.0 aA, Vqs = 0) 

V(BR)GSS 

40 

— 

Vdc 

Drain-to-Gate Leakage 
(Vdg = 20 V, Is = 0) 

Idgo 

— 

250 

pA 

Gate Reverse Current 
(Vqs = 20 V, Vds - 0) 

'gss 

— 

250 

pA 

Gate Source Cutoff Voltage 

(Vds = -20 V, Id = 10 nA) MPF3970 

MPF3972 

VGS(off) 

-4.0 

-0.5 

-10 

-3.0 

Vdc 

Drain Source Voltage 

(Vqs = 0) 

(Id = 20 mA) MPF3970 

(Id = 5.0 mA) MPF3972 

Vds 

- 

1.0 

2.0 

Vdc 

Drain Cutoff Current 
(Vds = 20 V, Vgs = -12 v) 

iD(off) 

— 

250 

pA 


ON CHARACTERISTICS 



Zero-Gate-Voltage Drain Current 
(Vds = 20 V, Vqs = o) MPF3970 

MPF3972 

loss 

50 

5.0 

150 

30 

mA 

Drain-Source "ON" Resistance 
(Id = 1.0 mA, Vqs = 0) MPF3970 

MPF3972 

'■DS(on) 

_ 

30 

100 

n 

Input Capacitance 

(Vds = 20 V, Vqs = O, f = I.O MHz) 

Ciss 


25 

PF 

Reverse Transfer Capacitance 

(Vds = 0, Vqs = -12 v, f = 1.0 mhz) 

Crss 

1 


6.0 

PF 


FUNCTIONAL CHARACTERISTICS 


Drain-Gate Leakage 
(Vdg = 20 V, Is = 0, Ta - i50°c) 

'dgo 

— 

500 

nA 

Drain Cutoff Current 

(Vds = 20 V, Vqs = -12 V, Ta = 150X) 

iD(off) 

— 

500 

nA 
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MPF3970, MPF3972 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25X unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Drain-Source "ON” Resistance 

•"dslon) 



a 

(Id = 0, Vqs = 0, f = 1.0 kHz) MPF3970 


— 

30 


MPF3972 


— 

100 



SWITCHING CHARACTERISTICS 


Switching Characteristics 
(MPF3970 Only) 

(Vdd = 10 V, Vqs = 0, iD(on) = 20 mA, VGS(off) = 10 V) 

td(on) 

tr 

toff 

— 

10 

10 

30 

ns 

Switching Characteristics 

td(on) 

— 

40 

ns 

(MPF3972 Only) 

tr 

— 

40 


(Vdd = 10 V, Vqs = O, iD(on) = 5.0 mA, VQSIoff) = 3.0 V) 

toff 

— 

100 
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MPF4221 

MPF4222A 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

30 

Vdc 

Drain-Gate Voltage 

VdG 

30 

Vdc 

Gate-Source Voltage 

vgs 

30 

Vdc 

Reverse Gate-Source Voltage 

vgsr 

30 

Vdc 

Gate Current 

'g 

10 

mA 

Total Device Dissipation @ Ta = 25°C 

Pd 

310 

mW 

Derate above 25°C 


2.82 

mW/°C 

Storage Temperature Range 

^stg 

— 65 to + 1 50 

X 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 



JFETs 

LOW FREQUENCY 

N-CHANNEL — DEPLETION 


Refer to 2N4220 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max [ Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(IG = -10 aA, Vds - 0 V) 

V(BR)GSS 

-30 

— 

Vdc 

Gate Reverse Current 

(Vgs = -15 V, vds = o v) 

IGSS 

— 

-100 

pA 

Gate Source Cutoff Voltage 
(Vds = 15 V, Id = 0.1 nA) 

MPF4221 

MPF4222A 

VGS(off) 

- 

q 0 
CD 00 

1 1 

Vdc 

Gate Source Voltage 

(Vds = 15 V, Id = 200 aA) 

(Vds = 15 V, Id = 500 m) 

MPF4221 

MPF4222A 

Vgs 

0 0 

(N 

1 1 

-5.0 

-6.0 

Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 


Idss* 



mA 

(Vds = 15 Volts, Vgs == 0 v) 

MPF4221 


+ 2.0 

+ 6.0 



MPF4222A 


+ 5.0 

+ 15 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 

(Vds = 15 V, f = 1.0 kHz, Vgs = 0 V) MPF4221 

MPF4222A 

IVfsl* 

— 

2000 

2500 

5000 

6000 

Amhos 

Output Admittance 

(Vds = 15 V, f = 1.0 kHz, Vgs = 0 V) MPF4221 

MPF4222A 

IVosI 


20 

40 

Amhos 

Input Capacitance 
(Vds = 15 V, f = 1.0 MHz) 

^iss 

— 

6.0 

PF 

Reverse Transfer Capacitance 
(Vds = 15 V, f = 1.0 MHz) 

Crss 

— 

2.0 

PF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 

NF 

_ 

2.5 

dB 

(Vds = 15 V, f = 100 Hz, Rg = 1.0 Ma) 






*Pulse Width 100 ms. Duty Cycle 10%. 
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MPF4223 

IVIPF4224 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

30 

Vdc 

Drain-Gate Voltage 

VdG 

30 

Vdc 

Drain Current 

Id 

20 

mA 

Gate Current 

Ig 

10 

mA 

Total Device Dissipation @ T/\ = 25X 

Pd 

300 

mW 

Derate above 25°C 


2.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj/ Tgtg 

— 55 to +150 

°C 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 



JFET 

HIGH FREQUENCY 
AMPLIFIERS 

N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (T/x = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min I Max I Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = -WfJiA) 

V(BR)GSS 

-30 

— 

Vdc 

Gate 1 Leakage Current 

(Vgis = -20 V) 

MPF4223 

MPF4224 

Igiss 

- 

0.25 

0.50 

nA 

Gate Source Cutoff Voltage 
(Id = 0.25 nA, Vds = 15 V) 

(Id = 0.5 nA, Vds = 15 V) 

MPF4223 

MPF4224 

VGS(off) 

1 1 

o p 

1 1 

00 00 
b b 

Vdc 

Gate Source Voltage 
(Id = 0.3 mA, Vds = 15 V) 

(Id = 0.2 mA, Vds = IS V) 

MPF4223 

MPF4224 

Vqs 

-1.0 

-1.0 

-7.0 

-7.5 

Vdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 


'dss 



mA 

(Vds = 15 V) 

MPF4223 


3.0 

18 



MPF4224 ! 


2.0 

20 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 

(Vds = 15 V, Vqs = O V, f = I.O kHz) MPF4223 

MPF4224 

IVfsl 

3000 

2000 

7000 

7500 

)Ltmhos 

Output Conductance 
(Vds = 15 V, Vqs = O V, f = 200 MHz) 

P®(yos) 

— 

200 

jLtmhos 

Input Capacitance 

(Vds = 15 V, Vqs = 0 V, f = 1.0 MHz) 

Ciss 


6.0 

pF 

Reverse Transfer Capacitance 
(Vds = 15 V, Vqs = 0 V, f = 1.0 MHz) 

Crss 


2.0 

PF 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 

(Vds = 15 V, Vqs = 0 v, rg = 1.0 kn, f = 200 mhz) 

MPF4223 (Only) 

NF 

— 

5.0 

dB 

Common Source Power Gain 
(Vds = 15 V, vgs = 0 v, f = 200 mhz) 

MPF4223 (Only) 

Gps 

10 

— 

dB 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

30 

Vdc 

Drain-Gate Voltage 

VdG 

30 

Vdc 

Gate-Source Voltage 

VgS 

30 

Vdc 

Forward Gate Current 

'G(f) 

50 

mAdc 

Total Device Dissipation @ Ta = 25°C 

Pd 

360 

mW 

Derate above 25°C 


2.4 

mW/°C 

Operating and Storage Channel 
Temperature Range 

Tchanneh 

^StQ 

- 65 to +150 

°C 


MPF4391 

thru 

IVIPF4393 

CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 



1 urain 

■-f?) 

Gate \ I — I y 

2 Source 


JFETs 

SWITCHING 

N-CHANNEL — DEPLETION 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min | Typ | Max { Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(IG = 1.0 AAdc, Vds = 0) 

V(BR)GSS 

30 

- 

- 

Vdc 

Gate Reverse Current 

•gss 





(Vgs = 15 Vdc, Vds = 0) 


— 

— 

1.0 

nAdc 

(Vgs = 15 Vdc, Vds = o, ta = loox) 


— 

— 

0.2 

fiAdc 

Drain-Cutoff Current 

iD(off) 





(Vds = 15 Vdc, Vgs = 12 vdc) 


— 

— 

1.0 

nAdc 

(Vds = 15 Vdc, Vgs = 12 vdc, Ta = ioo°c) 

1 

— 

— 

0.1 

AAdc 

Gate Source Voltage 

Vgs 




Vdc 

(Vds = 15 Vdc, Id = 10 nAdc) MPF4391 


-4.0 

— 

-10 


MPF4392 


-2.0 

— 

-5.0 


MPF4393 


-0.5 

— 

-3.0 



ON CHARACTERISTICS 



Zero-Gate-Voltage Drain Current(l) 

(Vds = 15 Vdc, Vgs = o) 

— 

MPF4391 

MPF4392 

MPF4393 

loss 

60 

25 

5.0 

- 

130 

75 

30 

mAdc 

Drain-Source On-Voltage 


VDS(on) 





Vdc 

(Id = 12 mAdc, Vgs = 0) 

MPF4391 


— 


— 

0.4 


(Id = 6.0 mAdc, Vgs = 0) 

MPF4392 


— 


— 

0.4 


(Id = 3.0 mAdc, Vgs = 0) 

MPF4393 


— 


— 

0.4 


Static Drain-Source On Resistance 


^DS(on) 





Ohms 

(Id = 1.0 mAdc, Vgs = 0) 

IVIPF4391 


— 


— 

30 



MPF4392 1 


— 


— 

60 



MPF4393 


— 


— 

100 



SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 


IVfsl 




mmhos 

(Vds = 15 Vdc, Id = 60 mAdc, f = 1.0 kHz) 

MPF4391 


— 

20 

— 


(Vds = 15 Vdc, Id = 25 mAdc, f = 1.0 kHz) 

MPF4392 


— 

17 

— 


(Vds = 15 Vdc, Id = 5.0 mAdc, f = 1.0 kHz) 

MPF4393 


— 

12 

— 


Drain-Source "ON” Resistance 


'■ds(on) 




Ohms 

(Vgs = 0, Id = 0, f = l.o kHz) 

MPF4391 

— 

— 

30 


MPF4392 


— 

— 

60 



MPF4393 


— 

— 

100 


Input Capacitance 


Ciss 

— 

6.0 

10 

PF 

(Vgs = 15 Vdc, Vds = o, f = i.o mhz) 








MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


4-185 





MPF4391 thru MPF4393 


ELECTRICAL CHARACTERISTICS (continued) (T/^ = 25°C unless otherwise noted.) 

Characteristic Sym 

Reverse Transfer Capacitance Cps 

I (Vqs = 12 Vdc, Vds = 0, f = 1.0 MHz) 

I (Vps = 15 Vdc, Ip = 10 mAdc, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 

Rise Time (See Figure 2) V 

(iD(on) = 12 mAdc) MPF4391 

(iD(on) = 6.0 mAdc) MPF4392 

(iD(on) = 3.0 mAdc) MPF4393 

Fall Time (See Figure 4) tf 

(VGS(off) = 12 Vdc) MPF4391 

<VGS(off) = 7.0 Vdc) MPF4392 

<VGS(off) = 5.0 Vdc) MPF4393 

Turn-On Time (See Figures 1 and 2) toi 

(iD(on) = 12 mAdc) MPF4391 

<lD(on) = 6.0 mAdc) MPF4392 

(iD(on) = 3.0 mAdc) MPF4393 

Turn-Off Time (See Figures 3 and 4) toi 

(VGS(off) = 12 Vdc) MPF4391 

(VGS(off) = 7.0 Vdc) MPF4392 

(VGS(off) = 5.0 Vdc) MPF4393 

(1) Pulse Test: Pulse Width 100 /its. Duty Cycle 1.0%. 







TYPICAL SWITCHING CHARACTERISTICS 


FIGURE 1 - TURNON DELAY TIME 


FIGURE 2 - RISE TIME 



0.5 0.7 1.0 

2.0 3.0 5.0 7.0 10 20 30 

Id, DRAIN CURRENT (mA) 

50 

0.5 0.7 1.0 

2.0 3.0 5.0 7.0 10 

Id, DRAIN CURRENT (mA) 

FIGURE 3 

- TURNOFF DELAY TIME 



FIGURE 4 - FALL TIME 


MPF4391 VGS(off) = 12V 
MPF4392 =7.0 \ 

V1PF4393 = 5.0 \ 


I I ' " 25° C 

- MPF4391 \ I ' 

IVIPF4392 VGS(off) = V - 

MPF4393 = V. 

I I I I I I I =5.gv 




0.5 0.7 1.0 

2.0 3.0 5.0 7.0 10 

20 30 

50 

■ 0.5 0.7 1.0 

2.0 3.0 5.0 7.0 1( 


Id, DRAIN CURRENT (mA) 




Id, DRAIN CURRENT (mA) 
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rds(on), DRAIN-SOURCE ON-STATE Yfs, FORWARD TRANSFER ADMITTANCE (mmhos) 

RESISTANCE (OHMS) 


MPF4391 thru MPF4393 


FIGURE 5 - SWITCHING TIME TEST CIRCUIT 



NOTE 1 

The switching characteristics shown above were measured using a 
test circuit similar to Figure 5. At the beginning of the switching 
interval, the gate voltage is at Gate Supply Voltage (-V^q). The 
Drain-Source Voltage (Vqs) is slightly lower than Drain Supply. 
Voltage (V^p) due to the voltage divider. Thus Reverse Transfer 
Capacitance (Crss) or Gate-Drain Capacitance (Cgd) is charged to 
Vqg + Vps- 

During the turn-on interval, Gate-Source Capacitance (Cgg) dis- 
charges through the series combination of RQen ^od Rk. Cg^j 
must discharge to Vps(on) through Rq and Rk in series with the 
parallel combination of effective load impedance (R'p) and Drain- 
Source Resistance (r^jj). During the turn-off, this charge flow is 
reversed. 

Predicting turn-on time is somewhat difficult as the channel 
resistance r^jj is a function of the gate-source voltage. While Cgj 
discharges, Vqs approaches zero and r^jg decreases. Since Cgd 
discharges through r^jg, turn-on time is non-linear. During turn-off, 
the situation is reversed with r^g increasing as Cgd charges. 

The above switching curves show two impedance conditions; 1) 
Rk is equal to Rp* which simulates the switching behavior of 
cascaded stages where the driving source impedance is normally the 
load impedance of the previous stage, and 2) Rk = 0 (low imped- 
ance) the driving source impedance is that of the generator. 


FIGURE 6 - TYPICAL FORWARD TRANSFER ADMITTANCE 



FIGURE 7 - TYPICAL CAPACITANCE 




FIGURE 8 - EFFECT OF GATE-SOURCE VOLTAGE 
ON DRAIN-SOURCE RESISTANCE 


FIGURE 9 - EFFECT OF TEMPERATURE ON DRAIN-SOURCE 
ON-STATE RESISTANCE 




0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 


-70 -40 -10 20 50 80 110 140 170 


Vgs, gate-source VOLTAGE (VOLTS) 


Tchannel, CHANNEL TEMPERATURE (OQ) 
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MPF4391 thru MPF4393 


FIGURE 10 - EFFECT OF IDSS ON DRAIN-SOURCE 
RESISTANCE AND GATE-SOURCE VOLTAGE 



loss, ZERO-GATE-VOLTAGE GRAIN CURRENT (mA) 


NOTE 2 

The Zero-G ate- Voltage Drain Current (IdSS^' 'Sthe principle deter- 
minant of other J-FET characteristics. Figure 10 shows the 
< relationship of Gate-Source Off Voltage {VQS(off)) and Drain- 

o Source On Resistance (rdsjon)) IdSS- Most of the devices will 

> be within ±10% of the values shown in Figure 10. This data will 
be useful in predicting the characteristic variations for a given 
go part number, 

2— For example: 

5 Unknown 

“ '■ds(on) and Vqs range for an MPF4392 

^ The electrical characteristics table indicates that an MPF4392 
has an IpsS '"ange of 25 to 75 mA. Figure 10, shows rcis(on) 
= 52 Ohms for Ipss “ 25 mA and 30 Ohms for Ipss = 75 mA. 
The corresponding Vqs values are 2.2 volts and 4.8 volts. 
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MAXIMUM RATINGS 


Rating 

Symbol 

MPF4856,A 

MPF4857,A 

MPF4858,A 

MPF4859,A 

MPF4860,A 

MPF4861,A 

Unit 

Drain-Source Voltage 

VdS 

+ 40 

+ 30 

Vdc 

Drain-Gate Voltage 

VdG 

+ 40 

+ 30 

Vdc 

Reverse Gate-Source Voltage 

VgSR 

-40 

-30 

Vdc 

Forward Gate Current 

Igf 

50 

mAdc 

Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Pd 

360 

2.4 

mW 

mW/°C 

Storage Temperature Range 

"’’stg 

- 65 to +150 

X 


MPF4856, A 
thru 

IVIPF4861, A 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 



SWITCHING 

N-CHANNEL — DEPLETION 


Refer to 2N4856 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage 


V(BR)GSS 



Vdc 

(Iq = 1.0 ixAdc, Vds = 0) 

I\/1PF4856,A, MPF4857,A, MPF4858,A 


-40 

— 



MPF4859,A, IVIPF4860,A, MPF4861,A 


-30 

— 


Gate Reverse Current 


•gss 




(Vgs = -20 Vdc, Vds = o) 

MPF4856,A, MPF4857,A, MPF4858,A 


_ 

0.25 

nAdc 

(Vgs = -15 Vdc, Vds = o) 

MPF4859,A, MPF4860,A, MPF4861,A 


— 

0.25 


(Vgs = -20 Vdc, Vds = o, Ta = i50°c) 

MPF4856,A, MPF4857,A, MPF4858,A 


— 

0.5 

fiAdc 

(Vgs = -15 Vdc, Vds = ta = i5o°c) 

MPF4859,A, IVIPF4860,A, MPF4861,A 


— 

0.5 


Gate Source Cutoff Voltage 


VGS(off) 



Vdc 

(Vds = 15 Vdc, Id = 0.5 nAdc) 

MPF4856,A, MPF4859,A 


-4.0 

-10 



MPF4857,A, MPF4860,A 


-2.0 

-6.0 



MPF4858,A, MPF4861,A 


-0.8 

-4.0 


Drain Cutoff Current 


iD(off) 




(Vds = 15 Vdc, Vgs = -10 vdc) 


— 

0.25 

nAdc 

(Vds = 15 Vdc, Vgs = - 10 vdc, ta = i5o°c) | 


— 

0.5 

/iAdc 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(l) 

(Vds = 15 Vdc, Vgs = o) 

IVIPF4856,A, MPF4859,A 

MPF4857,A, MPF4860,A 

MPF4858,A, MPF4861,A 

Idss 

50 

20 

8.0 

100 

80 

mAdc 

Drain-Source On-Voltage 


VDS(on) 



Vdc 

(Id = 20 mAdc, Vgs = 0) 

MPF4856,A, MPF4859,A 


— 

0.75 


(Id = 10 mAdc, Vgs = 0) 

IVIPF4857,A, MPF4860,A 


— 

0,5 


(Id = 5.0 mAdc, Vgs = 0) 

MPF4858,A, MPF4861,A 


— 

0.5 



SMALL-SIGNAL CHARACTERISTICS 


Drain-Source "ON" Resistance 

(Vgs = 0, Id = 0, f = I.O kHz) MPF4856,A, IVIPF4859,A 

IVIPF4857,A, MPF4860,A | 

IVIPF4858,A, MPF4861,A ; 

*’ds(on) 


25 

40 

60 

Ohms 

Input Capacitance 1 

Ciss 



PF 

(Vds = 0' Vgs = -lO Vdc, f = I.O MHz) MPF4856 thru MPF4861 


— 

18 


MPF4856Athru MPF4861A | 


— 

10 


Reverse Transfer Capacitance 

Crss 



pF 

(Vds = Vgs = -10 Vdc, f = 1.0 MHz) ' 





MPF4856 thru MPF4861 


— 

8.0 


MPF4856A, MPF4859A 


— 

4.0 


MPF4857A, MPF4858A, MPF4860A, MPF4861A 


— 

3.5 
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MPF4856, A thru MPF4861, A 


ELECTRICAL CHARACTERISTICS (continued) {Tj\ = 25°C unless otherwise noted.) 


I Characteristic 

I Symbol | 

IViin 

I Max I 

Unit I 

SWITCHING CHARACTERISTICS 






Turn-On 

Conditions for MPF4856,A, MPF4859,A: MPF4856, MPF4859 

ld(on) 

_ 

6.0 

ns 

Delay Time 

MPF4856A, MPF4859A 


— 

5.0 



(Vdd = 10 Vdc, iD(on) = 20 mAdc, MPF4857, MPF4860 


— 

6.0 



Vn.q{nn) = 0, Vr:s(nff) = -10 Vdc) MPF4857A, MPF4860A 


— 

6.0 



MPF4858, MPF4861 


— 

10 



MPF4858A, MPF4861A 


— 

8.0 


Rise Time 

Conditions for MPF4857,A, MPF4860,A: MPF4856,A, MPF4859,A 

tr 

_ 

3.0 

ns 


MPF4857,A, MPF4860,A 


__ 

4.0 



(Vdd = 10 Vdc, iD(on) = 10 mAdc, MPF4858, MPF4861 


— 

10 



VGS(on) = 0, VGS(off) = “6.0 Vdc) MPF4858A, MPF4861A 


— 

8.0 


Turn-Off Time 

MPF4856, MPF4859 

toff 

_ 

25 



Conditions for MPF4858,A, MPF4861,A: MPF4856A, MPF4859A 


— 

20 

ns 


IVIPF4857, MPF4860 


— 

50 



(Vdd = 10 Vdc, iD(on) = 5.0 mAdc, MPF4857A, MPF4860A 


— 

40 



VGS(on) = 0, VGS(off) = -4.0 Vdc) MPF4858, MPF4861 


— 

100 



MPF4858A; MPF4861A 


— 

80 



(1) Pulse Test: Pulse Width = 100 ms. Duty Cycle < 10%. 

(2) The iD(on) values are nominal; exact values vary slightly with transistor parameters. 
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MPF6659 thru MPF6661 

For Specifications, See 2N6659 Data. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdS 

25 

Vdc 

Gate-Source Voltage 

VgS 

25 

Vdc 

Gate Current 

Ig 

20 

mAdc 

Total Device Dissipation @ T/\ = 25°C 

Pd 

500 

mW 

Derate above 25°C 


4.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstg 

- 65 to +150 

°C 



ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 

(iQ = ^.0^JiA,yQs = 0) 

V(BR)GSS 

-25 

- 

- 

V 

Gate Reverse Current 

Igss 





(Vgs = -15 V) 


— 

— 

-150 

pA 

(VgS = 0. Ta = 125°C) 


— 

— 

-150 

nA 

Gate Source Cutoff Voltage 

VGS(off) 




V 

(Vds = 10 V, Id = 1-0 nA) U308 


-1.0 

— 

-6.0 


U309 


-1.0 

— 

-4.0 


U310 

1 

-2.5 

— 

-6.0 



ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(l) 

(Vds = 10 V, Vgs = o) U308 

U309 

U310 

loss 

12 

12 

24 


— 

60 

30 

60 

mA 

Gate-Source Forward Voltage 
(Ig = 10 mA, Vds = o) 

VGS(f) 

1 

— 

1 

1.0 

1 

V 


SWITCHING CHARACTERISTICS 


Common-Gate Forward Transconductance(l) 

(Vds = 10 V, Id = 10 mA, f = I.O kHz) 

U308 

U309 

U310 

9fg 

10 

10 

10 

- 

20 

20 

18 

mmhos 

Common-Gate Output Conductance 
(Vds = 10 V, Id = 10 mA, f = l.o kHz) 


9og 

— 

— 

250 

/Lcmhos 

Drain-Gate Capacitance 

(Vgs = -10 V, Vds = io v, f = i.o mhz) 


Cgd 

— 

— 

2.5 

pF 

Gate-Source Capacitance 
(Vgs = -10 V, Vds = io v, f = i.o mhz) 


^gs 

— 

— 

5.0 

PF 

Equivalent Short-Circuit Input Noise Voltage 
(Vds = 10 V, Id = 10 mA, f = 100 Hz) 


©n 

1 

10 


nVVRz 


(1) Pulse test duration = 2.0 ms. 

(2) See Figures 10 and 11 for Noise Figure and Power Gain information. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 





U308 thru U310 


FIGURE 1 - 450 MHz COMMON-GATE AMPLIFIER TEST CIRCUIT 



Cl = C2 = 0.8 - 10 pF. JFD #MVM010W. 

C3 = C4 = 8-35 pF Erie #539-0020. 

C5 = C6 = 5000 pF Erie (2443-000) 

C7 = 1000 pF. Allen Bradley #FA5C 
RFC = 0.33 /uH Miller ^^ 230 - 30 . 

LI = One Turn #16 Cu, 1/4” I.D. (Air Core) 
L2p= One Turn #16 Cu, 1/4” I.D (Air Core). 
L2s = One Turn #16 Cu, 1/4” I.D. (Air Core). 


FIGURE 2 - DRAIN CURRENT and TRANSFER 
CHARACTERISTICS versus GATE-SOURCE VOLTAGE 


FIGURE 3 - FORWARD TRANSCONDUCTANCE 
versus GATE-SOURCE VOLTAGE 




'DSS-'^GS- gate-source cutoff voltage (VOLTS) 


FIGURE 4 - COMMON-SOURCE OUTPUT 
ADMITTANCE and FORWARD TRANSCONDUCTANCE 
versus DRAIN CURRENT 


FIGURE 5 - ON RESISTANCE and JUNCTION CAPACITANCE 
versus GATE-SOURCE VOLTAGE 



Iq, drain current (niA) 


Vqs. gate source voltage (VOLTS) 








U308 thru U310 


FIGURE 6 - COMMON-GATE Y PARAMETER 
MAGNITUDE versus FREQUENCY 



100 200 300 500 700 1000 

f, FREQUENCY (MHz) 


FIGURE 7 - COMMON-GATE S PARAMETER 
MAGNITUDE versus FREQUENCY 


1S21I, isni 


1S12I, lS 22 i 



FIGURE 8 - COMMON-GATE Y PARAMETER 
PHASE-ANGLE versus FREQUENCY 


«2i, «ii 


12,022 



FIGURE 9 - S PARAMETER PHASE-ANGLE 
versus FREQUENCY 


012 


021, 022 



FIGURE 10 - NOISE FIGURE and 
POWER GAIN versus DRAIN CURRENT 


FIGURE 11 - NOISE FIGURE and 
POWER GAIN versus FREQUENCY 



f, FREQUENCY (MHz) 








OUTPUT POWER PER TONE (dBm) 


U308 thru U310 


FIGURE 12 - 450 MHz IMD EVALUATION AMPLIFIER 



Bw (3dB) - 36.5 MHz 
Id - 10 mAdc 
Vds — 20 Vdc 
Device case grounded 

IM test tones - f1 = 449.5 MHz, f2 = 450.5 MHz 

Cl = 1-10 pf Johanson Air variable trimmer. 

C2, C5 = 100 pf feed thru button capacitor. 

C3, C4, C6 = 0.5-6 pf Johanson Air variable trimmer 

LI = 1/8” X 1/32” X 1-5/8” copper bar 
L2, L4 = Ferroxcube Vl<200 choke 
L3 = 1/8” X 1/32” X 1-7/8” copper bar. 


Amplifier power gain and IMD products are a function of the load impedance. For the amplifier design shown above with 
C4 and C6 adjusted to reflect a load to the drain resulting in a nominal power gain of 9 dB, the 3rd order intercept point 
(IP) value is 29 dBm. Adjusting C4, C6 to provide larger load values will result in higher gain, smaller bandwidth and lower 
IP values. For example, a nominal gain of 13 dB can be achieved with an intercept point of 19 dBm. 



FIGURE 13 - TWO TONE 3RD ORDER INTERCEPT POINT 



Example of intercept point plot use: 

Assume two in-band signals of -20 dBm at the amplifier input. 
They will result in a 3rd order IMD signal at the output of -90 
dBm. Also, each signal level at the output will be - 1 1 dBm, show- 
ing an amplifier gain of 9.0 dB and an intermodulation ratio (IMR) 
capability of 79 dB. The gain and IMR values apply only for signal 
levels below compression. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

vdss 

60 

Vdc 

Gate-Source Voltage 

vgs 

1+ 

CO 

o 

Vdc 

Drain Current — Continuous(l) 

Id 

0.3 

Adc 

Pulsed(2) 

idm 

1.0 


Total Power Dissipation @ Ta = 25°C 

Pd 

1.0 

Watts 

Derate above 25°C 


8.0 

mW/°C 

Operating and Storage 

Temperature Range 

Tj. Tgtg 

- 40 to -1-150 

°C 


(1) The Power Dissipation of the package may result in a lower continuous drain 
current. 

(2) Pulse Width ^ 300 /as, Duty Cycle. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


1 Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
(Vgs = 0, Id = 100 aA) 

V(BR)DSS 

60 

— 

— 

Vdc 

Zero Gate Voltage Drain Current 
(Vds = 45 V, Vgs = o) 

Idss 

— 

0.1 

10 

/lAdc 

Gate-Body Leakage Current 
(Vgs = -15 V, Vds = o) 

less”* 

— 

— 

100 

nAdc 

Gate-Body Leakage Current 

(Vgs = 15 V, Vds = o) 

igss^ 

— 

— 

-100 

nAdc 

ON CHARACTERISTICS 

Gate Threshold Voltage 

(Vds = vgs/ Id = io mA) 

VGS(th) 

0.8 

— 

2.5 

Vdc 

On-State Drain Current 

(Vds = 15 V, Vgs = lov) 

iD(on) 

750 

— 

— 

mA 

Forward Transconductance 
(Vds = 15 V, Id = 500 mA) 

gfs 

200 

— 

— 

mmhos 

Drain-Source On-Voltage 
(Vgs = 5.0 V, Id = 200 mA) 

VDS(on)^ 

— 

— 

1.5 

Vdc 

Drain-Source On-Voltage 
(Vgs = 10 V, Id = 500 mA) 

VDS(on)2 

— 

— 

2.5 

Vdc 

Drain-Source On-Resistance 
(Vgs = 5.0 V, Id = 200 mA) 

rDS(on)'' 

— 

— 

7.5 


Drain-Source On-Resistance 
(Vgs = 10 V, Id = 500 mA) 

''DS(on)2 

— 

— 

5.0 

n 

Input Capacitance 

(Vds = 25 V, Vgs = 0, f = 1.0 mhz) 

Ciss 

— 

— 

60 

PF 

Output Capacitance 

(Vds = 25 V, Vgs = 0, f = 1.0 mhz) 

CqsS 

— 

— 

25 

pF 

Reverse Transfer Capacitance 
(Vds = 25 V, Vgs = 0 v, f = 1.0 mhz) 

Crss 

— 

— 

5.0 

pF 

Turn-On Time 

(Vds = 15 V, Rl = 23 a Rg = 50 a Vjn = 20 V) 

Ion 

— 

— 

10 

ns 

Turn-Off Time 

(Vds = 15 V, Rl = 23 a Rg = 5o a Vjn = 20 v) 

toff 

— 

— 

10 

ns 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdSS 

60 

Vdc 

Drain-Gate Voltage (Rqs = 1 Mft) 

VdGR 

60 

Vdc 

Gate-Source Voltage 

VgS 

±40 

Vdc 

Drain Current 



mAdc 

Continuous 

Id 

190 


Pulsed 

Idm 

1000 


Total Power Dissipation @ T^ = 25^ 

Pd 

400 

mW 

Derate above 25°C 


3.2 

mW/°C 

Operating and Storage 

Tstg 

-55 to +150 

X 

Temperature Range 




THERMAL CHARACTERISTICS 


Thermal Resistance Junction to Ambient 

P0JA 

312.5 

X/W 

Maximum Lead Temperature for 

Soldering Purposes, 1/16" from case 
for 10 seconds 

tl 

300 

X 



ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Max | Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(VgS = 0, Id = ^00|xA) 

V(BR)DSS 

60 

— 

Vdc 

Zero Gate Voltage Drain Current 

Idss 



/LiAdc 

(Vds = 48 V, Vgs = 0) 


— 

10 


(Vds = 48 V, Vgs = O, Tj = 125X) 


— 

500 


Gate-Body Leakage Current, Forward 

igssf 

— 

-100 

nAdc 

(VgsF = 30 Vdc, Vds = 0) 






ON CHARACTERISTICS* 


Gate Threshold Voltage (Vds = Vgs» Id = l O rnA) 

VGS(th) 

0.8 

2.5 

Vdc 

Static Drain-Source On-Resistance 

'■DS(on) 



Ohm 

(Vgs = 10 Vdc, Id = 500 mA) 

— 

5.0 


(Vgs = 10 Vdc, Id = boo mA, Tc = 125X) 


— 

9.0 


Drain-Source On-Voltage 

VDS(on) 



Vdc 

(Vgs = 5.0 V, Id = 200 mA) 

— 

1.5 


(Vgs = 10 V, Id = 500 mA) 


— 

2.5 


On-State Drain Current (Vgs = 10 V, Vds ^ 2.0 VDS(on)) 

iD(on) 

750 


mA 

Forward Transconductance (Vds ^ 2.0 VDS(on)' Id 500 mA) 

gfs 

100 

— 

/xmhos 


DYNAMIC CHARACTERISTICS 


Input Capacitance 


Ciss 

— 

60 

PF 

Output Capacitance 

(Vds = 25 V, Vgs = o 
f = 1.0 MHz) 

Cqss 

_ 

25 


Reverse Transfer Capacitance 

Crss 

— 

5.0 



SWITCHING CHARACTERISTICS* 


Turn-On Delay Time 

(Vdd = 15 V, Id = 600 mA 

Ion 

— 

10 

ns 

Turn-Off Delay Time 

Rgen = 25 ohms, Rl = 23 ohms) 

toff 

— 

10 



*Pulse Test: Pulse Width ^ 300 ixs, Duty Cycle ^ 2.0%. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Drain-Source Voltage 

VdSS 

60 

Vdc 

Drain-Gate Voltage (Rqs = 1 MO) 

VdGR. 

60 

Vdc 

Gate-Source Voltage 

VgS 

+l 

Vdc 

Drain Current 



mAdc 

Continuous 

'd 

150 


Pulsed 

'dm 

1000 


Total Power Dissipation @ Ta = 25°C 

Pd 

400 

mW 

Derate above 25°C 


3.2 

mW/°C 

Operating and Storage 

7j/ Tstg 

-55 to -1-150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Thermal Resistance Junction to Ambient 

R^ja 

312.5 

X/W 

Maximum Lead Temperature for 

Soldering Purposes, 1/16" from case 
for 10 seconds 

Tl 

300 

°C 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Max | Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(Vgs = 0, Id = 100 (jiA) 

V(BR)DSS 

60 

— 

Vdc 

Zero Gate Voltage Drain Current 

•dss 



/LtAdc 

(Vds = 48 V, Vgs = o) 


— 

10 


(Vds = 48 V, Vgs = O, Tj = 125°C) 


— 

500 


Gate-Body Leakage Current, Forward 

■gssf 

— 

-100 

nAdc 

(Vgsf = 30 Vdc, Vds = o) 






ON CHARACTERISTICS* 


Gate Threshold Voltage (Vds = ^gS/ Id = ‘•■O 

VGS(th) 

0.6 

2.5 

Vdc 

Static Drain-Source On-Resistance 

'■DS(on) 



Ohm 

(Vgs = 10 Vdc, Id = 0.5 Adc) 

— 

7.5 


(Vgs = 10 Vdc, Id = 0.5 V, Tc = 125°C) 


— 

13.5 


Drain-Source On-Voltage 

VDS(on) 



Vdc 

(Vgs = 5.0 V, Id = 200 mA) 


— 

1.5 


(Vgs = 10 V, Id = 500 mA) 


1 

3.75 


On-State Drain Current 

iD(on) 

750 

— 

mA 

(Vgs = 10 Vdc, Vds ^ 2.0 VDS(on)) 




Forward Transconductance 

9fs 

100 

— 

/Ltmhos 

(Vds = 10 V, Id = 500 mA) 






DYNAMIC CHARACTERISTICS 


Input Capacitance 

(Vds = 25 V, Vgs = 0 

f = 1.0 MHz) 

Ciss 

— 

60 

PF 

Output Capacitance 

Coss 

— 

25 


Reverse Transfer Capacitance 

Crss 

— 

5.0 



SWITCHING CHARACTERISTICS* 


Turn-On Delay Time 

(Vdd = 15 V, Id = 600 mA 

Ion 

— 

10 

ns 

Turn-Off Delay Time 

Rgen = 25 ohms, Rl = 23 ohms) 

toff 

- 

10 



*Pulse Test: Pulse Width ^ 300 fxs, Duty Cycle ^ 2.0%. 
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T W CASE 29-04 / CASE 51-02 

^ 3 (TO-226AA) / (DO-204AA) 


CASE 146-01 
(TO-204AB) 


1 1/ / CASE 182-02 
2 U (TO-226AC) 


CASE 318-03 
SOT-23 (TO-236AB) 



CASE 606-04 
TO-91 



CASE 607-05 


CASE 620-09 




CASE 632-08 
(TO-116) 



CASE 646-06 


CASE 648-08 


Small-Signal Tuning, 
Switching and 
Zener Diodes 


CASE 650-05 



1 CASE 751A-02 
SO-14 


1 CASE 751 B-03 
SO-16 


Motorola’s dual, quad, and multiple transistors and diodes 
have been implemented with discrete chips that have proven to 
be the most popular for all-around performance at low cost. 

Packaging options include plastic and ceramic DIP’S, ceramic 
flat pak, axial lead and surface mount packages. 
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SILICON EPICAP DIODES 

. . . designed for electronic tuning and harmonic-generation applications, 
and providing solid-state reliability to replace mechanical tuning methods. 

• Guaranteed High-Frequency Q 

• Guaranteed Wide Tuning Range 

• Guaranteed Temperature Coefficient 

• Standard 10% Capacitance Tolerance 

• Complete Typical Design Curves 

MAXtMUM RATINGS (Tg = 25X unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

60 

Volts 

Forward Current 

If 

250 

mA 

RF Power Input* 

Pin 

5.0 

Watts 

Device Dissipation @ Ta = 25X 

Pd 

400 

mW 

Derate above 25°C 


2.67 

mW/X 

Device Dissipation @ Tc = 25°C 

Pc 

2.0 

Watts 

Derate above 25°C 


13.3 

mW/X 

Junction Temperature 

Tj 

+ 175 

X 

Storage Temperature Range 

I§tg 

-65 to +200 

X 


*The RF power input rating assumes that an adequate heatsink is provided. 



ELECTRICAL CHARACTERISTICS {Jj\ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage (Ir = 10 fiAdc) 

V(BR)R 

60 

70 

— 

Vdc 

Reverse Voltage Leakage Current (Vr = 55 Vdc, Ta = 25X) 

Ir 

' — 

_ 

0.02 

/iAdc 

(Vr = 55 Vdc, Ta = 150X) 


— 

— 

20 


Series Inductance (f = 250 MHz, L «= 1/16") 

LS 

— 

5.0 

— 

nH 

Case Capacitance (f = 1.0 MHz, L ~ 1/16") 

cc 

— 

0.25 

— 

PF 

Diode Capacitance Temperature Coefficient (Vr = 4.0 Vdc, f = 1.0 MHz) 

TCC 

— 

200 

300 

ppm/X 



Cj, Diode Capacitance 

Vr = 4.0 Vdc, f = 1.0 MHz 
pF 

Q, Figure of Merit 
Vr = 4.0 Vdc, 
f = 50 MHz 

a 

Vr = 4.0 Vdc, f = 1.0 MHz 

TR, Tuning Ratio 
C 4 /C 6 O 
f = 1.0 MHz 

Device 

Min 

Typ 

Max 

Min 

Min 

Typ 

Min 

Typ 

1N5139 

6.1 

6.8 

7.5 

350 

0.37 

0.4 

2.7 

2.9 

1N5139A 

6.5 

6.8 

7.1 

350 

0.37 

0.4 

2.7 

2.9 

1N5140 

9.0 

10 

11 

300 

0.38 

0.41 

2.8 

3.0 

1N5140A 

9.5 

10 

10.5 

300 

0.38 

0.41 

2.8 

3.0 

1N5141 

10.8 

12 

13.2 

300 

0.38 

0.41 

2.8 

3.0 

1N5141A 

11.4 

12 

12.6 

300 

0.38 

0.41 

2.8 

3.0 

1N5142 

13.5 

15 

16.5 

250 

0.38 

0.41 

2.8 

3.0 

1N5142A 

14.3 

15 

15.7 

250 

0.38 

0.41 

2.8 

3.0 

1N5143 

16.2 

18 

19.8 

250 

0.38 

0.41 

2.8 

3.0 

1N5143A 

17.1 

18 

18.9 

250 

0.38 

0.41 

2.8 

3.0 

1N5144 

19.8 

22 

24.2 

200 

0.43 

0.45 

3.2 

3.4 

1N5144A 

20.9 

22 

23.1 

200 

0.43 

0.45 

3.2 

3.4 

1N5145 

24.3 

27 

29.7 

200 

0.43 

0.45 

3.2 

3.4 

1N5145A 

25.7 

27 

28.3 

200 

0.43 

0.45 

3.2 

3.4 

1N5146 

29.7 

33 

36.3 

200 

0.43 

0.45 

3.2 

3.4 

1N5146A 

31.4 

33 

34.6 

200 

0.43 

0.45 

3.2 

3.4 

1N5147 

36.1 

39 

42.9 

200 

0.43 

0.45 

3.2 

3.4 

1N5147A 

37.1 

39 

40.9 

200 

0.43 

0.45 

3.2 

3.4 

1N5148 

42.3 

47 

51.7 

200 

0.43 

0.45 

3.2 

3.4 

1N5148A 

44.7 

47 

49.3 

200 

0.43 

0.45 

3.2 

3.4 
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NORMALIZED DIODE CAPACITANCE Cj. DIODE CAPACITANCE (pF) 


1N5139, Athru 1N5148, A 


PARAMETER TEST METHODS 


1. Ls, SERIES INDUCTANCE 

Ls is measured on a shorted package at 250 MHz using 
an impedance bridge (Boonton Radio Model 250A RX 
Meter). L = lead length. 

2. Cc, CASE CAPACITANCE 

Cc is measured on an open package at 1.0 MHz using 
a capacitance bridge (Boonton Electronics Model 75A 
or equivalent). 

3. Cj, DIODE CAPACITANCE 

(Cj = Cc + Cj). Cj is measured at 1.0 MHz using a 
capacitance bridge (Boonton Electronics Model 75A 
or equivalent). 

4. TR, TUNING RATIO 

TR is the ratio of Cj measured at 4.0 Vdc divided by 
Cj measured at 60 Vdc. 

5. Q, FIGURE OF MERIT 

Q is calculated by taking the G and C readings of an 
admittance bridge at the specified frequency and sub- 
stituting in the following equations: 


(Boonton Electronics Model 33AS8). 


6. a, DIODE CAPACITANCE REVERSE VOLTAGE SLOPE 

The diode capacitance, Cj (as measured at Vr = 4.0 
Vdc, f = 1.0 MHz) is compared to Cj (as measured at 
Vr = 60 Vdc, f = 1.0 MHz) by the following equation 
which defines a. 

^ log Ct(4) - log Ct(60) 

“ ~ log 60 - log 4 

Note that a Cj versus Vr law is assumed as shown in 
the following equation where Cc is included. 



7. TCc, DIODE CAPACITANCE TEMPERATURE 
COEFFICIENT 


TCc is guaranteed by comparing Cj at Vr = 4.0 Vdc, 
f = 1.0 MHz, Ta = -65°C with Cj at Vr = 4.0 Vdc, f 
= 1.0 MHz, Ta = +85°C in the following equation 
which defines TCc: 


TCc 


Ct(-f85°C) - Ct(-65°C) 
85 -F 65 


106 

Ct(25°C) 


FIGURE 1 — DIODE CAPACITANCE versus 
REVERSE VOLTAGE 


FIGURE 2 — FIGURE OF MERIT versus REVERSE VOLTAGE 



1.0 3.0 5.0 7.0 10 30 50 60 


Vr, reverse voltage (VOLTS) 



1 3 5 7 10 30 50 60 

Vr, reverse voltage (VOLTS) 


FIGURE 3 — NORMALIZED DIODE CAPACITANCE 
versus JUNCTION TEMPERATURE 


FIGURE 4 — NORMALIZED FIGURE OF MERIT 
versus JUNCTION TEMPERATURE 



-100 -75 -50 -25 0 +25 +50 +75 +100 



-65 -50 -25 0 +25 +50 +75 +85 


Tj, JUNCTION TEMPERATURE (°C) 


Tj, JUNCTION TEMPERATURE (°C) 
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I», REVERSE CURREl»fr(nA) 


1N5139, Athru 1N5148, A 



FIGURE 5 ~ REVERSE CURRENT versus REVERSE FIGURE 6 — FIGURE OF MERIT versus FREQUENCY 

BIAS VOLTAGE 
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SILICON EPICAP DIODES 


. . . epitaxial passivated abrupt junction tuning diodes designed for elec- 
tronic tuning, FM, AFC and harmonic-generation applications in AM through 
UHF ranges, providing solid-state reliability to replace mechanical tuning 
methods. 

• Excellent Q Factor at High Frequencies 

• Guaranteed Capacitance Change — 2.0 to 30 V 

• Guaranteed Temperature Coefficient 

• Capacitance Tolerance — 10% and 5.0% 

• Complete Typical Design Curves 

^MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage (Ip = 10 fxAdc) 

V(BR)R 

30 

— 

— 

Vdc 

Reverse Voltage Leakage Current (Vp = 25 Vdc, Ta = 25°C) 

ir 

— 

— 

0.02 

/lAdc 

(Vp = 25 Vdc, Ta = 150°C) 


— 

— 

20 


Series Inductance (f = 250 MHz, lead length « 1/16") 

LS 

— 

4.0 

10 

nH 

Case Capacitance (f = 1.0 MHz, lead length = 1/16") 

cc 

0.1 

0.17 

0.25 

pF 

Diode Capacitance Temperature Coefficient 

TCc 

— 

300 

400 

ppm/°C 

(Note 6) (Vp = 4.0 Vdc, f = 1.0 MHz) 







Device 

Cj. Diode Capacitance (1) 

Vr = 4.0 Vdc, f = 1.0 MHz 

PF 

TR, Tuning Ratio 

C 2 /C 30 
f = 1.0 MHz 

Q, Figure of Merit 
Vr = 4.0 Vdc 
f = 50 MHz 


Min 

(Norn -10%) 

Norn 

Max 

(Nom +10%) 

Min 

Max 

Min 

1N5441A 

6.1 

6.8 

7.5 

2.5 

3.1 

450 

1N5442A 

7.4 

8.2 

9.0 

2.5 

3.1 

450 

1 N 5443 A 

9.0 

10 

11 

2.6 

3.1 

400 

1N5444A 

10.8 

12 

13.2 

2.6 

3.1 

400 

1N5445A 

13.5 

15 

16.5 

2.6 

3.1 

400 

1 N5446A 

16.2 

18 

19.8 

2.6 

3.1 

350 

IN 5447 A 

18 

20 

22 

2.6 

3.1 

350 

IN 5448 A 

19.8 

22 

24.2 

2.6 

3.2 

350 

IN 5449 A 

24.3 

27 

29.7 

2.6 

3.2 

350 

1 N 5450 A 

29.7 

33 

36.3 

2.6 

3.2 

350 

1N5451A 

35.1 

39 

42.9 

2.6 

3.2 

300 

IN 5452 A 

42.3 

47 

51.7 

2.6 

3.2 

250 

IN 5453 A 

50.4 

56 

61.6 

2.6 

3.3 

200 

1N5454A 

61.2 

68 

74.8 

2.7 

3.3 

175 

1N5455A 

73.8 

82 

90.2 

2.7 

3.3 

175 

1N5456A 

90 

100 

110 

2.7 

3.3 

175 


(1) To order devices with Cj Norn ±5.0% add Suffix B. 
^Indicates JEDEC Registered Data. 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

30 

Volts 

Device Dissipation @ Ta = 25°C 

Pd 

400 

mW 

Derate above 25°C 


2.67 

mW/°C 

Operating Junction Temperature Range 

Tj 

+ 175 

°C 

Storage Temperature Range 

Istg 

— 65 to + 200 

X 


*lndicates JEDEC Registered Data. 


1N5441A, B 
thru 



6.8-100 pF 
30 VOLTS 

VOLTAGE-VARIABLE 
CAPACITANCE DIODES 


5 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


5-5 







Ct, diode capacitance IpF) 


1N5441A, B thru 1N5456A, B 


PARAMETER TEST METHODS 


1. Ls, SERIES INDUCTANCE 

Ls is measured on a shorted package at 250 MHz using 
an impedance bridge (Boonton Radio Model 250A RX 
Meter or equivalent). 

2. Cc, CASE CAPACITANCE 

Cc is measured on an open package at 1.0 MHz using 
a capacitance bridge (Boonton Electronics Model 75A 
or equivalent). 

3. Cj, DIODE CAPACITANCE 

(Cj = Cc + Cj). Cj Is measured at 1.0 MHz using a 
capacitance bridge (Boonton Electronics Model 75A 
or equivalent). 

4. TR, TUNING RATIO 

TR is the ratio of Cj measured at 2.0 Vdc divided by 
Cx measured at 30 Vdc. 


5. Q, FIGURE OF MERIT 

Q is calculated by taking the G and C readings of an 
admittance bridge at the specified frequency and sub- 
stituting in the following equations: 


(Boonton Electronics Model 33AS8 or equivalent). 


6. TCc, DIODE CAPACITANCE TEMPERATURE 
COEFFICIENT 


TCc is guaranteed by comparing Cj at Vr = 4.0 Vdc, 
f = 1.0 MHz, Ta = -65X with Cj at Vr = 4.0 Vdc, f 
= 1.0 MHz, Ta = +85°C in the following equation, 
which defines TCc: 


TCc 


Ct( + 85°C) - Ct(-65°C) 
85 65 


106 

Ct(25X) 


Accuracy limited by Cj measurement to ±0.1 pF. 


FIGURE 1 — NORMALIZED DIODE CAPACITANCE 
versus JUNCTION TEMPERATURE 




TYPICAL DEVICE PERFORMANCE 
FIGURE 2 — DIODE CAPACITANCE versus REVERSE VOLTAGE 

1000 
500 

200 
100 
50 

20 
10 

5.0 

2.0 
1.0 

0.1 0.2 0.5 1.0 2.0 5.0 10 20 30 

Vr, reverse VOLTAGE (VOLTS) 
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IR, REVERSE CURRENT (nA) 


1N5441A, B thru 1N5456A, B 


FIGURE 3 — FIGURE OF MERIT versus REVERSE VOLTAGE 


FIGURE 4 — FIGURE OF MERIT versus FREQUENCY 



1.0 2 0 3.0 5 0 7 0 10 20 


Vr, REVERSE VOLTAGE (VOLTS) 



10 20 30 50 70 100 200 250 

f. FREQUENCY (MHz) 


FIGURE 5 — REVERSE CURRENT versus REVERSE 
BIAS VOLTAGE 


FIGURE 6 — FORWARD VOLTAGE versus 
FORWARD CURRENT 



5.0 10 15 20 25 30 


Vr, reverse VOLTAGE (VOLTS) 



0 75 150 225 300 375 425 500 

Ip, FORWARD current (mA) 
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SILICON EPICAP DIODES 

... a PREMIUM line of epitaxial, passivated, abrupt-junction tuning diodes 
for critical and sophisticated frequency control applications through the UHF 
range. 

• High Q at High Frequencies 

• Guaranteed High Capacitance Tuning Range 

• Excellent Unit-to-Unit Uniformity 

• Guaranteed Temperature Coefficient 

• Capacitance Tolerance — 10% and 5.0% 

• Complete Typical Design Curves 


^MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

30 

Volts 

Device Dissipation @ Ta = 25°C 

pd 

400 

mW 

Derate above 25°C 


2.67 

mW/°C 

Operating Junction Temperature Range 

Tj 

+ 175 

X 

Storage Temperature Range 

Tstg 

-65 to +200 

X 


^Indicates JEDEC Registered Data. 


1N5461A, B 
thru 

1N5476A, B 


CASE 51-02 
(DO-204AA) 



6.8-100 pF 
30 VOLTS 

VOLTAGE-VARIABLE 
CAPACITANCE DIODES 


^ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage (Ir = 10 fiAdc) 

V(BR)R 

30 

■ — 

— 

Vdc 

Reverse Voltage Leakage Current (Vr = 25 Vdc, Ta = 25X) 

•r 

— 

_ 

0.02 

IxAdc 

(Vr = 25 Vdc, Ta = 150X) 



— 

20 


Series Inductance (f = 250 MHz, lead length ~ 1/16") 

LS 


4.0 

10 

nH 

Case Capacitance (f = 1.0 MHz, lead length 1/16") 

cc 

0.1 

0.17 

0.25 

pF 

Diode Capacitance Temperature Coefficient 

TCc 

— 

300 

400 

ppm/°C 

(Note 6) (Vr = 4.0 Vdc, f = 1.0 MHz) 







Device 

Cf, Diode Capacitance (1) 

Vr = 4.0 Vdc, f = 1.0 MHz 
pF 

TR, Tuning Ratio 

C2/C30 
f = 1.0 MHz 

Q, Figure of Merit 
Vr = 4.0 Vdc 
f = 50 MHz 


Min 


Max 





(Nom -10%) 

Nom 

(Nom +10%) 

Min 

Max 

Min 

1N5461A 

6.1 

6.8 

7.5 

2.7 

3.1 

600 

1N5462A 

7.4 

8.2 

9.0 

2.8 

3.1 

600 

1N5463A 

9.0 

10 

11 

2.8 

3.1 

550 

1N5464A 

10.8 

12 

13.2 

2.8 

3.1 

550 

1N5465A 

13.5 

15 

16.5 

2.8 

3.1 

550 

1N5466A 

16.2 

18 

19.8 

2.9 

3.1 

500 

1N5467A 

18 

20 

22 

2.9 

3.1 

500 

1N5468A 

19.8 

22 

24.2 

2.9 

3.2 

500 

1N5469A 

24.3 

27 

29.7 

2.9 

3.2 

500 

1N5470A 

29.7 

33 

36.3 

2.9 

3.2 

500 

1N5471A 

35.1 

39 

42.9 

2.9 

3.2 

450 

1 N5472A 

42.3 

47 

51.7 

2.9 

3.2 

400 

1N5473A 

50.4 

56 

61.6 

2.9 

3.3 

300 

1N5474A 

61.2 

68 

74.8 

2.9 

3.3 

250 

1N5475A 

73.8 

82 

90.2 

2.9 

3.3 

225 

1N5476A 

90 

100 

110 

2.9 

3.3 

200 


(1) To order devices with Cj Nom ±5.0% add Suffix B. 
^Indicates JEDEC Registered Data. 
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Ct, diode capacitance (pF) 


1N5461A, B thru 1N5476A, B 


PARAMETER TEST METHODS 


1. Ls, SERtES INDUCTANCE 

Ls is measured on a shorted package at 250 MHz using 
an impedance bridge (Boonton Radio Model 250A RX 
Meter or equivalent). 

2. Cc, CASE CAPACITANCE 

Cc is measured on an open package at 1.0 MHz using 
a capacitance bridge (Boonton Electronics Model 75A 
or equivalent). 

3. Cj, DIODE CAPACITANCE 

(Cj = Cc + Cj). Cj is measured at 1.0 MHz using a 
capacitance bridge (Boonton Electronics Model 75A 
or equivalent). 

4. TR, TUNING RATIO 

TR is the ratio of Cj measured at 2.0 Vdc divided by 
Cj measured at 30 Vdc. 


5. Q, FIGURE OF MERIT 

Q is calculated by taking the G and C readings of an 
admittance bridge at the specified frequency and sub- 
stituting in the following equations: 


(Boonton Electronics Model 33AS8 or equivalent). 


6. TCc, DIODE CAPACITANCE TEMPERATURE 
COEFFICIENT 


TCc is guaranteed by comparing Cj at Vr = 4.0 Vdc, 
f = 1.0 MHz, Ta = -65°C with Cj at Vr = 4.0 Vdc, f 
= 1.0 MHz, Ta = +85°C in the following equation, 
which defines TCc: 


TCc 


Ct( + 85°C) - Ct(-65°C) 
85 + 65 


106 

Ct(25°C) 


Accuracy limited by Cj measurement to ±0.1 pF. 


FIGURE 1 — NORMALIZED DIODE CAPACITANCE 
versus JUNCTION TEMPERATURE 



Tj, JUNCTION TEMPERATURE (“O 


5 


TYPICAL DEVICE PERFORMANCE 

1000 
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200 
100 
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FIGURE 2 — DIODE CAPACITANCE versus REVERSE VOLTAGE 
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IR. REVERSE CURRENT (nA) Q, FtGURE OF MERIT 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Continuous Reverse Voltage 

Vr 

70 

Vdc 

Peak Forward Current 

If 

100 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/X 

Thermal Resistance Junction to Ambient 

R0JA 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R0JA 

417 

X/W 

Junction and Storage Temperature 

Tj' Tstg 

- 55 to +150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MBAL99L = TFX 


BAL99L 

CASE 318-03 STYLE 17 
SOT-23 (TO-236AB) 



SWITCHING DIODE 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min T Max V Unit 


OFF CHARACTERISTICS 


Reverse Voltage Leakage Current 
(Vr = 70 V) 

(Vr = 25 V, Tj = 150X) 

(Vr = 70 V, Tj = 150X) 

Ir 

- 

— 

2.5 

30 

50 

IxA 

Reverse Breakdown Voltage 

V(BR) 

70 

— 

V 

(IR = 100 aA) 





Forward Voltage 

Vp 



mV 

(If = 1.0 mA) 


— 

715 


(Ip = 10 mA) 


— 

855 


(Ip = 50 mA) 


— 

1000 


(Ip = 150 mA) 


— 

1250 


Recovery Current 

Qs 

— 

45 

pC 

(Ip = 10 mA, Vr = 5.0 V, Rl = 500 O) 





Diode Capacitance 

Cd 

— 

1.5 

pF 

(Vr = 0, f = 1.0 MHz) 





Reverse Recovery Time 

trr 

— 

6.0 

ns 

(Ip = Ir = 10 mA, R|_ = 100 ft, measured at Ir = 1.0 mA) 





Forward Recovery Voltage 

VpR 

— 

1.75 

V 

(Ip = 10 mA, tr = 20 ns) 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Continuous Reverse Voltage 

Vr 

75 

Vdc 

Peak Forward Current 

If 

200 

mAdc 

Peak Forward Surge Current 

iFM(surge) 

500 

mA 


THERMAL CHARACTERISTICS 


Characteristic 1 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25X 

Derate above 25°C 

1.8 

mW/°C 


Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

417 

°C/W 

Junction and Storage Temperature 

Tj, Tstq 

-55 to +150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MBAS16L = A6X 


BAS16L 

CASE 318-03, STYLE 8 
SOT-23 (TO-236AB) 



Cathode Anode 


SWITCHING DIODE 


ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Reverse Voltage Leakage Current 
(Vr = 75 V) 

(Vr = 75 V, Tj = 150X) 

(Vr = 25 V, Tj = 150X) 

Ir 

- 

1.0 

50 

30 

^A 

Reverse Breakdown Voltage 

V(BR) 

75 

— 

V 

(Ibr = 100 aA) 





Forward Voltage 

Vf 



mV 

(Ip = 1.0 mA) 


— 

715 


(Ip = 10 mA) 


— 

855 


(Ip = 50 mA) 


— 

1000 


(Ip = 150 mA) 


— 

1250 


Diode Capacitance 

CD 

— 

2.0 

PF 

(Vr = 0, f = 1.0 MHz) 





Forward Recovery Voltage 

vfr 

— 

1.75 

V 

(Ip = 10 mA, tr = 20 ns) 





Reverse Recovery Time 

trr 

— 

6.0 

ns 

(Ip = Ir = 10 mA, Rl = 50 a) 





Stored Charge 

Qs 

— 

45 

pC 

(Ip = 10 mA to Vr = 5.0 V, Rl = 500 a) 






FIGURE 1 — Recovery Time Equivalent Test Circuit 




Vr 


INPUT SIGNAL 



(Ip = Ip = 10 mA; measured 
at 'R(REC) = TO mA) 


Notes: 1 . A 2.0 kft variable resistor adjusted for a Forward Current (Ip) of 10 mA. 

2. Input pulse is adjusted so iR(peak) 'S equal to 10 mA. 

3. tp » t|>r 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

70 

Vdc 

Forward Current 

'f 

150 

mAdc 

Peak Forward Surge Current 

iFM(surge) 

500 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj» Tstg 

-55 to +150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


BAV99L = A7 


BAV99L 

CASE 318-03, STYLE 11 
SOT-23 (TO-236AB) 



Anode Cathode 

10 »(-J »M32 

3 

Cathode/Anode 

DUAL SERIES 
SWITCHING DIODES 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic I Symbol ] Min I Max I Unit 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage (I(br) = 1 00 fiA) 

V(BR) 

70 

— 

Vdc 

Reverse Voltage Leakage Current (Vr = 70 Vdc) 

Ir 

— 

2.5 

/xAdc 

(Vr = 25 Vdc, Tj = 150X) 


— 

30 


(Vr = 70 Vdc, Tj = 150X) 


— 

50 


Diode Capacitance 

Cd 

— 

1.5 

pF 

(Vr = 0, f = 1.0 MHz) 





Forward Voltage (Ip = 1.0 mAdc) 

Vf 

— 

715 

mVdc 

(Ip = 10 mAdc) 


— 

855 


(Ip = 50 mAdc) 


— 

1000 


(Ip = 150 mAdc) 


— 

1250 


Reverse Recovery Time (Ip = Ir = 10 mAdc, iR(REC) = TO mAdc) (Figure 1) 

trr 

— 

6.0 

ns 

Forward Recovery Voltage (Ip = 10 mA, t^ = 20 ns) 

Vfr 

— 

1.75 

V 


FIGURE 1 — Recovery Time Equivalent Test Circuit 




INPUT SIGNAL 



OUTPUT PULSE 
(Ip = Ip = 10 mA; measured 
at'R(REC) = TO mA) 


Notes: 1. A 2.0 kO variable resistor adjusted for a Forward Current (Ip) of 10 mA. 

2. Input pulse is adjusted so iR(peak) equal to 10 mA. 

3. tp » trr 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Voltage Range 

Vz(nom) 

4.7 to 33 

Vdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 




Derate above 25°C 


1.8 

mW/X 

Thermal Resistance Junction to Ambient 

R0JA 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 




Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj/ Tstg 

— 55 to +150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alunnina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


BZX84C4V7L 

thru 

BZX84C33L 


CASE 318-03, STYLE 8 
SOT-23 (TO-236AB) 



ZENER DIODES 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min T Max I Unit 


OFF CHARACTERISTICS 


Forward Voltage 
(Ip = 10 mAdc) 

BZX84C Series 

Vf 

— 

0.9 

Vdc 

Reverse Voltage Leakage Current 


Ir 



fxAdc 

(Vr 

= 2.0 Vdc) 

BZX84C4V7L 


— 

3.0 




BZX84C5V1L 


— 

2.0 




BZX84C5V6L 


— 

1.0 


(Vr 

= 4.0 Vdc) 

BZX84C6V2L 


— 

3.0 




BZX84C6V8L 


— 

2.0 


(Vr 

= 5.0 Vdc) 

BZX84C7V5L 


— 

1.0 




BZX84C8V2L 


— 

0.7 


(Vr 

= 6.0 Vdc) 

BZX84C9V1L 


— 

0.5 


(Vr 

= 7.0 Vdc) 

BZX84C10L 


— 

0.2 


(Vr 

= 8.0 Vdc) 

BZX84C11L, C12L, C13L 


— 

0.1 


(Vr 

= 0.70 Vz) 

BZX84C15L to BZX84C33L 


— 

0.05 
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BZX84C4V7L thru BZX84C33L 


ZENER VOLTAGE 


Device 

Marking 

IZ3(mA) 

Vz3(V) 

ZzTlI^^) 

ZzT2(ft) 

ZzT3(^^) 

AVz/AT{nV/k) 

Min 

Max 

Min 

Max 

BZX84C4V7L 

Z1 

20 

4.5 

5.4 

80 

500 

15 

-3.5 

0.2 

BZX84C5V1L 

Z2 

20 

5.0 

5.9 

60 

480 

15 

-2.7 

1.2 

BZX84C5V6L 

Z3 

20 

5.2 

6.3 

40 

400 

10 

-2.0 

2.5 

BZX84C6V2L 

Z4 

20 

5.8 

6.8 

10 

150 

6 

0.4 

3.7 

BZX84C6V8L 

Z5 

20 

6.4 

7.4 

15 

80 

6 

1.2 

4.5 

BZX84C7V5L 

Z6 

20 

7.0 

8.0 

15 

80 

6 

2.5 

5.3 

BZX84C8V2L 

Z7 

20 

7.7 

8.8 

15 

80 

6 

3.2 

6.2 

BZX84C9V1L 

Z8 

20 

8.5 

9.7 

15 

100 

8 

— 

3.8 

7.0 

BZX84C10L 

Z9 

20 

9.4 

10.7 

29 

150 

10 

4.5 

8.0 

BZX84C11L 

Y1 

20 

10.4 

11.8 

20 

150 

10 

5.4 

9.0 

BZX84C12L 

Y2 

20 

11.4 

12.9 

25 

150 

10 

6.0 

10 

BZX84C13L 

Y3 

20 

12.5 

14.2 

30 

170 

15 

7.0 

11 

BZX84C15L 

Y4 

20 

13.9 

15.7 

30 

200 

20 

9.2 

13 

BZX84C16L 

Y5 

20 

15.4 

17.2 

40 

200 

20 

10.4 

14 

BZX84C18L 

Y6 

20 

16.9 

19.2 

45 

225 

20 

12.4 

16 

BZX84C20L 

Y7 

20 

18.9 

21.4 

55 

225 

20 

14.4 

18 

BZX84C22L 

Y8 

20 

20.9 

23.4 

55 

250 

25 

16.4 

20 

BZX84C24L 

Y9 

20 

22.9 

25.7 

70 

250 

25 

18.4 

22 

BZX84C27L 

Y10 

10 

25.2 

29.3 

80 

300 

45 

21.4 

25.3 

BZX84C30L 

Y11 

10 

28.1 

32.4 

80 

300 

50 

24.4 

29.4 

BZX84C33L 

Y12 

10 

31.1 

35.4 

80 

325 

55 

27.4 

33.4 


Device 

Marking 

IZi(mA) 

Vzi(V) 

IZi(mA) 

Vz2(V) 

Min 

Max 

Min 

Max 

BZX84C4V7L 

Z1 

5 

4.4 

5.0 

1 

3.7 

4.7 

BZX84C5V1L 

Z2 

5 

4.8 

5.4 

1 

4.2 

5.3 

BZX84C5V6L 

Z3 

5 

5.2 

6.0 

1 

4.8 

6.0 

BZX84C6V2L 

Z4 

5 

5.8 

6.6 

1 

5.6 

6.6 

BZX84C6V8L 

Z5 

5 

6.4 

7.2 

1 

6.3 

7.2 

BZX84C7V5L 

Z6 

5 

7.0 

7.9 

1 

6.9 

7.9 

BZX84C8V2L 

Z7 

5 

7.7 

8.7 

1 

7.6 

8.7 

BZX84C9V1L 

Z8 

5 

8.5 

9.6 

1 

8.4 

9.6 

BZX84C10L 

Z9 

5 

9.4 

10.6 

1 

9.3 

10.6 

BZX84C11L 

Y1 

5 

10.4 

11.6 

1 

10.2 

11.6 

BZX84C12L 

Y2 

5 

11.4 

12.7 

1 

11.2 

12.7 

BZX84C13L 

Y3 

5 

12.4 

14.1 

1 

12.3 

14 

BZX84C15L 

Y4 

5 

13.8 

15.6 

1 

13.7 

15.5 

BZX84C16L 

Y5 

5 

15.3 

17.1 

1 

15.2 

17 

BZX84C18L 

Y6 

5 

16.8 

19.1 

1 

16.7 

19 

BZX84C20L 

Y7 

5 

18.8 

21.2 

1 

18.7 

21.1 

BZX84C22L 

Y8 

5 

20.8 

23.3 

1 

20.7 

23.2 

BZX84C24L 

Y9 

5 

22.8 

25.6 

1 

22.7 

25.5 

BZX84C27L 

Y10 

2 

25.1 

28.9 

0.5 

25 

28.9 

BZX84C30L 

Y11 

2 

28 

32 

0.5 

27.8 

32 

BZX84C33L 

Y12 

2 

31 

35 

0.5 

30.8 

35 
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MAD130, 

MADllOS 

IVIAD1107, 

MAD1108 



MAD1103F 

MAD1107F 

CASE 606-04 

CASE 607-05 



MAD130C 

MAD130P 

MAD1103C, MAD1107C 

MAD1103P, MAD1107P 

CASE 632-08 

CASE 646-06 



lel'ipP 

Iff 

MAD1 1 08C MAD1 1 08P 

CASE 620-09 CASE 648-08 CASE 650-05 

MONOLITHIC DIODE ARRAYS 


MAXIMUM RATINGS (@ 25°C Free-Air Temperature unless otherwise noted.) 


Rating 

Symbol 

MAD130 

IVIAD1103 

MAD1107 

MAD1108 

Unit 

Peak Reverse Voltage(l) 

Vrm 

40 

50 

50 

Vdc 

Steady-State Reverse 
Voltage 

Vr 

25 

25 

40 

Vdc 

Peak Forward Current at 
(or below) 25°C Free-Air 
Temperatured) 

•fm 

500 

mA 

Continuous Forward 

Current at (or below) 

25°C Free- Air 
Temperature(2) 

If 

400 

mA 

Continuous Power 
Dissipation at (or below) 
25®C Free-Air 
Temperature(3) 

Pd 

600 

mW 

Operating Free-Air 
Temperature Range 

Ta 

-65 to +125 

-65 to +125 

-55 to +150 

X 

Storage Temperature 

Range 

^stg 

- 65 to +150 

— 65 to +150 

-65 to +175 

°C 

Lead Temperature 1/16" 
from Case for 10 

Seconds 


260 

X 


NOTES: 

1. These values apply for PW 100 ^is, duty cycle 20%. 

2. Derate linearity to +125°C temperature at rate of 3.2 mA/°C. 

3. Derate linearity to -i- 125°C temperature at rate of 6.0 mW/°C. 


PACKAGE OPTIONS 


Device 

CERAMIC 

C Suffix 

PLASTIC 

P Suffix 

FLAT CERAMIC 

F Suffix 

Device 

CERAMIC 

C Suffix 

PLASTIC 

P Suffix 

FLAT CERAMIC 

F Suffix 

Pin 

Connection 
Ref. No. 

Case 

Pin 

Connection 
Ref. No. 

Case 

Pin 

Connection 
Ref. No. 

Case 

Pin 

Connection 
Ref. No. 

Case 

Pin 

Connection 
Ref. No. 

Case 

Pin 

Connection 
Ref. No. 

Case 

M ADI 30 

Dual 10-Diode Array 

3 

632-08 

3 

646-06 

- 

- 

MAD1107 

Dual 8-Diode Array 

2 

632-08 

2 

646-06 

2 

607-05 

MADllOS 

Dual 8-Diode Array 

5 

632-08 

5 1 

646-06 

4 

606-04 

MADllOS 

8-Diode Array ' 

1 

620-09 

1 

648-08 

1 

650-05 


PIN CONNECTION DIAGRAMS 
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MAD130, MAD1103, MAD1107, MAD1108 


ELECTRICAL CHARACTERISTICS (@ 25°C Free-Air Temperature) 




Limit 


Characteristic 

Symbol 

Min 

Max 

Unit 

Reverse Breakdown Voltage(l) 

V(BR) 




(Ir = 10/xA) MAD130 


40 

. — 

Vdc 

MAD 11 03/1 107/1 108 


50 

— 


Static Reverse Current 

IR 



IxA 

(Vr = 40 V) 




0.1 


Static Forward Voltage 

Vf 



Vdc 

(Ip = 100 mA) 


— 

1.1 


(Ip = 500 mA)(2) 


— 

1.5 


Peak Forward Voltage(3) 

vfm 

— 

5.0 

Vdc 

(Ip = 500 mA) 






SWITCHING CHARACTERISTICS (@ 25°C Free-Air Temperature) 


Characteristic 

Symbol 

Typical Value 

Unit 

Forward Recovery Time, Figure 3 1 

(Ip = 500 mA) 

tfr 

20 

ns 

Reverse Recovery Time, Figure 2 
(Ip = 200 mA, Irivi = 200 mA, Rl = 100 ft, i^r = 20 mA) 

trr 

8.0 

ns 


NOTES: 

1. This parameter must be measured using pulse techniques. PW = 100 /ts, duty cycle ^ 20%. 

2. This parameter is measured using pulse techniques. PW = 300 /xs, duty cycle ^ 2.0%. Read time is 90 /xs from the leading edge of the 
pulse. 

3. The initial instantaneous value is measured using pulse techniques. PW = 150 ns, duty cycle < 2.0%, pulse rise time ^ 10 ns. The 
total capacitance shunting the diode is 19 pF maximum and the equipment bandwidth is 80 MHz. 


FIGURE 1 — TYPICAL CHARACTERISTICS FIGURE 2 — FORWARD RECOVERY TIME AND PEAK FORWARD 

STATIC FORWARD VOLTAGE VOLTAGE TEST CIRCUIT AND WAVEFORMS 
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MAD130, MAD1103, MAD1107, MAD1108 


FIGURE 3 - REVERSE RECOVERY TIME TEST CIRCUIT AND WAVEFORMS 



5 
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MAXIMUM RATINGS (@ 25°C Free-Air Temperature unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Voltage(l) 

Vrm 

50 

Vdc 

Steady-State Reverse 
Voltage 

Vr 

40 

Vdc 

Peak Forward Current at 
(or below) 25°C Free-Air 
Temperature(l) 

Ifm 

500 

mA 

Continuous Forward 

Current at (or below) 

25°C Free-Air 
Temperature(2) 

If 

400 

mA 

Continuous Power 
Dissipation at (or below) 
25°C Free-Air 
Temperature(3) 

Pd 

600 

mW 

Operating Free-Air 
Temperature Range 

Ta 

MAD1109C 

MAD1109F 

MAD1109P 

X 

-65 to +175 

- 65 to +150 

-55 to +125 

Storage Temperature 

Range 

^stg 

-65 to +200 

-65 to +175 

— 55 to +150 

X 

Lead Temperature 1/16" 
from Case for 10 

Seconds 


260 

X 


NOTES: 

1. These values apply for PW ^ 100 ixs, duty cycle ^ 20%. 

2. Derate linearity to -h 125°C temperature at rate of 3.2 mA/°C. 

3. Derate linearity to -i-125°C temperature at rate of 6.0 mW/°C. 


MAD1109 



MONOLITHIC DIODE ARRAYS 



5 


ELECTRICAL CHARACTERISTICS (@ 25°C Free-Air Temperature) 




Limit 


Characteristic 

Symbol 

Min 

Max 

Unit 

Reverse Breakdown Voltage(4) (Ir = 10/iA) 

V(BR) 

50 

— 

Vdc 

Static Reverse Current (Vr = 40 V) 

Ir 

— 

0.1 

/lA 

Static Forward Voltage (Ip = 100 mA) 

Vf 

— 

1.1 

Vdc 

(If = 500 mA)(5) 


— 

1.5 


Peak Forward Voltage(6) (Ip = 500 mA) 

Vfm 

- 

5.0 

Vdc 


SWITCHING CHARACTERISTICS (@ 25°C Free-Air Temperature) 


Characteristic 

Symbol 

Typical Value 

Unit 

Forward Recovery Time, Figure 3 (Ip = 500 mA) 

tfr 

20 

ns 

Reverse Recovery Time, Figure 2 
(Ip = 200 mA, Irm = 200 mA, Rl = 100 fi, i^r = 20 mA) 

trr 

8.0 

ns 


NOTES: 

4. This parameter must be measured using pulse techniques. PW = 100 /is, duty cycle ^ 20%. 

5. This parameter is measured using pulse techniques. PW = 300 fis, duty cycle 2.0%, Read time is 90 fxs from the leading edge of the 
pulse. 

6. The initial instantaneous value is measured using pulse techniques. PW = 150 ns, duty cycle ^ 2.0%, pulse rise time ^ 10 ns. The 
total capacitance shunting the diode is 19 pF maximum and the equipment bandwidth is 80 MHz. 
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Ip, FORWARD CURRENT (mA) 


MAD1109 



Figure 1. Typical Characteristics 
Static Forward Voltage 



Figure 2. Forward Recovery Time and Peak Forward 
Voltage Test Circuit and Waveforms 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

70 

Vdc 

Forward Current 

If 

200 

mAdc 

Peak Forward Surge Current 

iFM(surge) 

500 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

417 

°C/W 

Junction and Storage Temperature 

Tj/ Tstq 

- 55 to +150 

°C 


*FR-5 = 1.0 x 0.75 x 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MBAV70L = A4X 


MBAV70L 

CASE 318-03, STYLE 9 
SOT-23 (TO-236AB) 



SWITCHING DIODE 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic 1 Symbol I Mhni I Max I Unit 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(l(BR) = lOOftAdc) 

V(BR) 

>70 

— 

Vdc 

Reverse Voltage Leakage Current 

IR 



/x.Adc 

(Vr = 25 Vdc, Tj = 150°C) 


— 

60 


(Vr = 70 Vdc) 


— 

5.0 


(Vr = 70 Vdc, Tj = 150°C) 


— 

100 


Diode Capacitance 

CD 

— 

1.5 

pF 

(Vr = 0, f = 1.0 MHz) 





Forward Voltage 

Vf 



mVdc 

(Ip = 1.0 mAdc) 


— 

715 


(Ip = 10 mAdc) 


— 

855 


(Ip = 50 mAdc) 


— 

1100 


(Ip = 100 mAdc) 


— 

1300 


Reverse Recovery Time 

trr 


15 

ns 

(Ip = Ip = 10 mAdc, Vr = 5.0 Vdc, Ir{REC) ^ TO mAdc) (Figure 1) 






FIGURE 1 — Recovery Time Equivalent Test Circuit 




INPUT SIGNAL 



at iR(REC) = 1-0 mA) 


Notes: 1. A 2.0 kft variable resistor adjusted for a Forward Current (Ip) of 10 mA. 

2. Input pulse is adjusted so iR(peak) 's equal to 10 mA. 

3. tp » trr 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

50 

Vdc 

Forward Current 

If 

200 

mAdc 

Peak Forward Surge Current 

iFM(surge) 

500 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 




Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 




Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

417 

°C/W 

Junction and Storage Temperature 

Tj/ Tstq 

— 55 to +150 

X 


*FR-5 = 1.0 x 0.75 x 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


DEVICE MARKING 

MBAV74L = JAX 


MBAV74L 

CASE 318-03, STYLE 9 
SOT-23 (TO-236AB) 



Anode 
-H O 1 


-02 


SWITCHING DIODE 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Max | Unit 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(l(BR) = 5.0 fiAdc) 

V(BR) 

50 

— 

Vdc 

Reverse Voltage Leakage Current 

Ir 



fjL Adc 

(Vr = 50 Vdc, Tj = 125°C) 


— 

100 


(Vr = 50 Vdc) 


— 

0.1 


Diode Capacitance 

Cd 

— 

2.0 

PF 

(Vr = 0, f = 1.0 MHz) 





Forward Voltage 

Vf 

— 

1.0 

Vdc 

(Ip = 100 mAdc) 





Reverse Recovery Time 

trr 

— 

15 

ns 

(Ip = Ip = 10 mAdc, iR(REC) = '•■O mAdc, measured at Ir = 1.0 mA, R|_ = 100 ft) 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

70 

Vdc 

Forward Current 

If 

200 

mAdc 

Peak Forward Surge Current 

iFM(surge) 

200 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

pd 

225 

mW 

Ta = 25°C 




Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 




Derate above 25°C 


2.4 

mwrc 

Thermal Resistance Junction to Ambient 

R6^JA 

417 

X/W 

Junction and Storage Temperature 

Tj/ Tstg 

- 55 to +150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MBAW56L = A1X 


IVIBAW56L 

CASE 318-03, STYLE 12 
SOT-23 (TO-236AB) 



Cathode 

Anode O 1 

H 02 

Cathode 


DUAL 

SWITCHING DIODES 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic 1 Symbol 1 Min [ Max 1 Unit 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(l(BR) "" lOO^iAdc) 

V(BR) 

70 

— 

Vdc 

Reverse Voltage Leakage Current 

Ir 



IxAdc 

(Vr = 25Vdc, Tj = 150°C) 


— 

30 


(Vr = 70 Vdc) 


— 

2.5 


(Vr = 70 Vdc, Tj = 150°C) 


— 

50 


Diode Capacitance 

CD 

— 

2.5 

pF 

(Vr = 0, f = 1.0 MHz) 





Forward Voltage 

vf 



mVdc 

(Ip = 1.0 mAdc) 


— 

715 


(Ip = 10 mAdc) 


— 

855 


(Ip = 50 mAdc) 


— 

1100 


(Ip = 100 mAdc) 


— 

1300 


Reverse Recovery Time 

trr 

— 

15 

ns 

(Ip = Ir = 10 mAdc, Ir(reC) = "10 rnAdc) (Figure 1) 


I 




FIGURE 1 — Recovery Time Equivalent Test Circuit 




INPUT SIGNAL 



(Ip = Ip = 10 mA; measured 
at iR(REC) = 1-0 mA) 


Notes: 1. A 2.0 kft variable resistor adjusted for a Forward Current (Ip) of 10 mA. 

2. Input pulse is adjusted so iR(peak) 's equal to 10 mA. 

3. tp » trr 
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SILICON HOT-CARRIER DIODE 
(SCHOTTKY BARRIER DIODE) 


. . . designed primarily for UHF mixer applications but suitable also for use 
in detector and ultra-fast switching circuits. Supplied in an inexpensive plas- 
tic package for low-cost, high-volume consumer requirements. Also avail- 
able in Surface Mount package. 

• The Rugged Schottky Barrier Construction Provides Stable Characteristics 

by Eliminating the "Cat-Whisker" Contact 

• Low Noise Figure — 6.0 dB Typ @ 1.0 GFlz 

• Very Low Capacitance — Less Than 1.0 pF @ Zero Volts 

• Fligh Forward Conductance — 0.5 Volts (Typ) @ Ip = 10 mA 


MAXIMUM RATINGS 



MBD101 1 MMBD101,L 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

4.0 

Volts 

Forward Power Dissipation @ Ta == 25°C 
Derate above 25°C 

Pf 

280 200 

2.8 2.0 

mW 

mW/°C 

Junction Temperature 

Tj 

+ 125 

X 

Storage Temperature Range 

Tstg 

- 55 to +150 

X 


MBDIOI 

MMBDIOIL 

CASE 182-02, STYLE 1 
(TO-226AC) 

2 O O 1 

Cathode Anode 


CASE 318-03, STYLE 8 
SOT-23 (TO-236AB) 


3 O 1^ O 1 

Cathode Anode 


SILICON HOT-CARRIER 
UHF MIXER DIODES 



DEVICE MARKING 

MMBDIOIL = 4M 


ELECTRICAL CHARACTERISTICS (Ta = 25X unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 
(Ir = 10 aA) 

V(BR)R 

4.0 

5.0 

-- 

Volts 

Diode Capacitance 
(Vr = 0,f = 1.0 MHz, Note 1) 

Ct 

— 

0.88 

1.0 

pF 

Forward Voltage (1) 

(Ip = 10 mA) 

Vf 

— 

0.5 

0.6 

Volts 

Noise Figure 
(f = 1.0 GHz, Note 2) 

NF 

— 

6.0 

— 

dB 

Reverse Leakage 
(Vr = 3.0 V) 

Ir 

— 

0.02 

0.25 

fxA 
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C, CAPACITANCE (pF) 'R' REVERSE LEAKAGE {^lA) 


MBD101, MMBD101L 


TYPICAL CHARACTERISTICS 

(Ta = 25°C unless noted) 



30 40 50 60 70 80 90 100 110 120 130 


ta, ambient temperature (X) 


FIGURE 2 — FORWARD VOLTAGE 



0.2 0.3 0.4 0.5 0.6 0.7 

Vp, FORWARD VOLTAGE (VOLTS) 




0 1.0 2.0 3.0 4.0 


0.1 0.2 0.5 1.0 2.0 5.0 10 


Vr, reverse voltage (VOLTS) 


PLO- local OSCILLATOR POWER (mW) 


FIGURE 5 — NOISE FIGURE TEST CIRCUIT 



NOTES ON TESTING AND SPECIFICATIONS 

Note 1 — Cc and Cj are measured using a capacitance bridge 
(Boonton Electronics Model 75A or equivalent). 

Note 2 — Noise figure measured with diode under test in tuned 
diode mount using UHF noise source and local oscil- 
lator (LO) frequency of 1.0 GHz. The LO power is 
adjusted for 1.0 mW. IF amplifier NF = 1.5 dB, f = 30 
MHz, see Figure 5. 

Note 3 — Ls is measured on a package having a short instead 
of a die, using an impedance bridge (Boonton Radio 
Model 250A RX Meter). 
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SILICON HOT-CARRIER DIODE 
(SCHOTTKY BARRIER DIODE) 

. . . designed primarily for high-efficiency UHF and VHF detector applica- 
tions. Readily adaptable to many other fast switching RF and digital applica- 
tions. Supplied in an inexpensive plastic package for low-cost, high-volume 
consumer and industrial/commercial requirements. Also available In Surface 
Mount package. 

• The Schottky Barrier Construction Provides Ultra-Stable Characteristics By 

Eliminating the "Cat-Whisker" or "S-Bend" Contact 

• Extremely Low Minority Carrier Lifetime — 15 ps (Typ) 

• Very Low Capacitance — 1.5 pF (Max) @ Vr = 15 V 

• Two Voltage Ranges — 20 V — MBD201, MMBD201 

— 30 V — MBD301, MMBD301 

• Low Reverse Leakage — Ir = 10 nAdc (Typ) MBD201, MMBD201L 

= 13 nAdc (Typ) MBD301, MMBD301L 


MAXIMUM RATINGS (Tj = 125°C unless otherwise noted) 




MBD201 

MMBD201L 




MBD301 

MMBDSOIL 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage MBD201 

Vr 


20 

Volts 

MBD301 



30 


Forward Power Dissipation @ Ta = 25°C 

Pf 

280 

200 

mW 

Derate above 25°C 


2.8 

2.0 

mW/°C 

Operating Junction Temperature Range 

Tj 

-55 to +125 

°C 

Storage Temperature Range 

Tstg 

-55 to +150 

X 


MBD201 IVIIVIBD201L 
IVIBD301 MMBDSOIL 

CASE 182-02, STYLE 1 
(TO-226AC) 

2 O \4 O 1 

Cathode Anode 


CASE 318-03, STYLE 8 
SOT-23 (TO-236AB) 

30 H 0 1 

Cathode Anode 

20-30 VOLTS 
SILICON HOT-CARRIER 
DETECTOR AND SWITCHING 
DIODES 



DEVICE MARKING 

MMBR201L = 4S 
MMBR301L = 4T 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic j 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 


V(BR)R 




Volts 

(IR = 10/xA) 

MBD201, MMBD201L 

20 

— 

— 



MBD301, MMBD301L 


30 

— 

— 


Total Capacitance, Figure 1 


Ct 

— 

0.9 

1.5 

pF 

(Vr = 15 Volts, f = 1.0 MHz) 







Minority Carrier Lifetime, Figure 2 


T 

— 

15 

— 

ps 

(Ip = 5.0 mA, Krakauer Method) 







Reverse Leakage, Figure 3 


Ir 




nAdc 

(Vr = 15 V) 

MBD201, MMBD201L 


— 

10 

200 


(Vr = 25 V) 

MBD301, MMBD301L 


— 

13 

200 


Forward Voltage, Figure 4 


vf 

— 

0.5 

0.6 

Vdc 

(Ip = 10 mAdc) 





1 
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R, REVERSE LEAKAGE (^A) Cj, TOTAL CAPACITANCE (pF) 
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SILICON HOT-CARRIER DIODE 
(SCHOTTKY BARRIER DIODE) 

. . . designed primarily for high-efficiency UHF and VHF detector applica- 
tions. Readily adaptable to many other fast switching RF and digital 
applications. Supplied in an inexpensive plastic package for low-cost, high- 
volume consumer and industrial/commercial requirements. Also available in 
Surface Mount package. 

• The Schottky Barrier Construction Provides Ultra-Stable Characteristics by 

Eliminating the "Cat-Whisker" or "S-Bend" Contact 

• Extremely Low Minority Carrier Lifetime — 15 ps (Typ) 

• Very Low Capacitance — 1.0 pF @ Vr = 20 V 

• High Reverse Voltage — to 70 Volts 

• Low Reverse Leakage — 200 nA (Max) 


MAXIMUM RATINGS (Tj = 125°C unless otherwise noted) 




MBD501 

MMBDSOIL 




IVIBD701 

MMBD701L 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage MBD501 

Vr 


50 

Volts 

MBD701 



70 


Forward Power Dissipation @ Ta = 25°C 

Pf 

280 

200 

mW 

Derate above 25°C 


2.8 

2.0 

mW/X 

Operating Junction Temperature Range 

Tj 

-55 to +125 

X 

Storage Temperature Range 

Tstg 

- 55 to +150 

X 


MBD501 MMBDSOIL 
MBD701 MMBD701L 

CASE 182-02, STYLE 1 
(TO-226AC) 

2 o H o 1 

Cathode Anode 


CASE 318-03, STYLE 8 
SOT-23 (TO-236AB) 

30 14 0 1 

Cathode Anode 

50-70 VOLTS 
HIGH-VOLTAGE 
SILICON HOT-CARRIER 
DETECTOR AND SWITCHING 
DIODES 



DEVICE MARKING 

MMBD501L = 5F 
MMBD701L = 5H 


ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 

(Ir = lO^Adc) MBD501, MMBDSOIL 

MBD701, MMBD701L 

V{BR)R 

50 

70 

- 

- 

Volts 

Total Capacitance, Figure 1 
(Vr = 20 Volts, f = 1.0 MHz) 

Cj 

— 

0.5 

1.0 

pF 

Minority Carrier Lifetime, Figure 2 
(Ip = 5.0 mA, Krakauer Method) 

T 

— 

15 

— 

ps 

Reverse Leakage, Figure 3 

(Vr = 25 V) MBD501, MMBDSOIL 

(Vr = 35 V) MBD701, MMBD701L 

'r 

- 

7.0 

9.0 

200 

200 

nAdc 

Forward Voltage, Figure 4 
(Ip = 10 mAdc) 

Vp 

— 

1.0 

1.2 



Vdc 
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R, REVERSE LEAKAGE (^lA) Cj, TOTAL CAPACITANCE (pF) 


MBD501, MBD701, MMBD501L, MIVIBD701L 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 1 — TOTAL CAPACITANCE 


FIGURE 2 — MINORITY CARRIER LIFETIME 




0 10 20 30 40 50 60 70 80 90 100 

If, FORWARD CURRENT (mA) 


FIGURE 3 — REVERSE LEAKAGE 


FIGURE 4 — FORWARD VOLTAGE 



0 10 20 30 40 50 

Vr, reverse voltage (VOLTS) 



KRAKAUER METHOD OF MEASURING LIFETIME 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Voltage 

VrM 

50 

Vdc 

Steady-State Reverse Voltage 

Vr 

40 

Vdc 

Peak Forward Current 25°C 

Ifm 

500 

mA 

Continuous Forward Current 

If 

400 

mA 

Power Dissipation 

Pd 

500 

mW 

Derating Factor 


4.0 

mwrc 

Operating Temperature 

Ta 

-65 to +125 

X 

Storage Temperature Range 

^stg 

— 65 to +150 

X 


MMADISO 

MMADllOS 

thru 

IVIMAD1107 

MMADllOS 

CASE 751A-02 
SO-14 



MONOLITHIC 
DIODE ARRAYS 


5 


SO-14 Pin Diagram 


1 . 

Dual 10 

Diode 

Array 


2 . 

16 

Diode 

Array 


3. 

Dual 8 
Diode 
Array 


4. 

8 Diode 
Array 
(Common 
Cathode) 



NC Pin 4, 6, 10, 13 


MMAD1104 

t 1 I r- t ri ® 






-<D 


7. 

7 Diode 
Array 

(independant) 


MMAD1106 



NC Pin 1, 4, 6, 10, 13 


MMAD1107 



NC Pin 6, 13 


MMADllOS 




NC Pin 4, 11 


MMADllOS 

©■ 

NC Pin 1, 4, 6, 10, 13 



Device 

Description 

Diagram 

MMAD130 

Dual 10 Diode Array 

1 

MMAD1103 

16 Diode Array 

2 

MMAD1104 

Dual 8 Diode Array 

3 

MMAD1105 

8 Diode Array Common Cathode 

4 

MMAD1106 

8 Diode Array Common Anode 

5 

MMAD1107 

Dual 8 Diode Array 

6 

MMAD1109 

7 Diode Array 

7 
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MM ADI 30 Series 


ELECTRICAL CHARACTERISTICS ((® 25°C Free-Air Temperature) 




Limit 


Characteristic 

Symbol 

Min 

Max 

Unit 

Reverse Breakdown Voltage (1) (Ir = 10 fxA] 

V(BR) 

50 

~ 

Vdc 

Static Reverse Current (Vr = 40 V) 

Ir 

— 

0.1 

fxA 

Static Forward Voltage (Ip = 100 mA) 

Vf 

— 

1.1 

Vdc 

(Ip = 500 mA) (2) 


— 

1.5 


Peak Forward Voltage (3) (Ip = 500 mA) 

VfM 

1 

5.0 

Vdc 


SWITCHING CHARACTERISTICS (@ 25°C Free-Air Temperature) 


Characteristic 

Symbol 

Typical Value 

Unit 

Forward Recovery Time (Ip = 500 mA) 

tfr 

20 

ns 

Reverse Recovery Time 

(Ip = 200 mA, Ir|\/| = 200 mA, Rl = 100 ft, iff = 20 mA) 

trr 

8.0 

ns 


1. This parameter must be measured using pulse techniques. PW =100 fis, duty cycle 20%. 

2. This parameter is measured using pulse techniques. PW = 300 fis, duty cycle 2.0%. Read time is 90 /xs from the leading edge of the 
pulse. 

3. The initial instantaneous value is measured using pulse techniques. PW =150 ns, duty cycle < 2.0%, pulse rise time « 10 ns. The total 
capacitance shunting the diode is 19 pF maximum and the equipment bandwidth is 80 MHz. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Voltage 

Vrm 

50 

Vdc 

Steady-State Reverse Voltage 

Vr 

40 

Vdc 

Peak Forward Current 25°C 

Ifm 

500 

mA 

Continuous Forward Current 

If 

400 

mA 

Power Dissipation 

Pd 

500 

mW 

Derating Factor 


4.0 

mW/°C 

Operating Temperature 

Ta 

-65 to +^25 

X 

Storage Temperature Range 

I§ta 

-65 to -1-150 

X 


MMADllOS 


CASE 751B-03 
SO-16 



MONOLITHIC 
DIODE ARRAY 


ELECTRICAL CHARACTERISTICS (@ 25°C Free-Air Temperature) 




Limit 


Characteristic 

Symbol 

Min 

Max 

Unit 

Reverse Breakdown Voltage (1) 

V(BR) 

50 

— 

Vdc 

(Ir = 10/aA) 





Static Reverse Current 

Ir 

_ 

0.1 

/aA 

(Vr = 40 V) 





Static Forward Voltage 

Vf 



Vdc 

(If = 100 mA) 


— 

1.1 


(Ip = 500 mA) (2) 


— 

1.5 


Peak Forward Voltage (3) 

vfm 

— 

5.0 

Vdc 

(Ip = 500 mA) 


1 

1 



SWITCHING CHARACTERISTICS (@ 25°C Free-Air Temperature) 


Characteristic 

Symbol 

Typical Value 

Unit 

Forward Recovery Time 

tfr 

20 

ns 

(Ip = 500 mA) 




Reverse Recovery Time 

trr 

8.0 

ns 

(Ip = 200 mA, Irm = 200 mA, Ri_ = 100 ft, i^r = 20 mA) 





1. This parameter must be measured using pulse techniques. PW = 100 fxs, duty cycle ^ 20%. 

2. This parameter is measured using pulse techniques. PW = 300 /as, duty cycle ^ 2.0%. Read time is 90 /as from the leading edge of the 
pulse. 

3. The initial instantaneous value is measured using pulse techniques. PW = 150 ns, duty cycle ^ 2.0%, pulse rise time ^ 10 ns. The total 
capacitance shunting the diode is 19 pF maximum and the equipment bandwidth is 80 MHz. 
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MMBDIOIL For Specifications, See MBDIOIL 

IVIIVIBD201L, MMBD301L For Specifications, 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Continuous Reverse Voltage 

Vr 

4.0 

Vcc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 




Derate above 25°C 


1.8 

rnW/X 

Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 




Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R0JA 

417 

X/W 

Junction and Storage Temperature 

Tjf Tstg 

- 55 to +150 

X 


♦FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBD352L = 5G; MMBD353L = 4F 


MIVIBD352L 


CASE 318-03, STYLE 11 
SOT-23 (TO-236AB) 



Anode 

1 O— ►i- 


T 


Cathode 

-H 02 


Cathode/Anode 


MIVIBD353L 

CASE 318-03, STYLE 19 
SOT-23 (TO-236AB) 

Anode Cathode 



20— H- 


-K- 


-O 1 


Cathode/Anode 


DUAL HOT CARRIER 
MIXER DIODES 


ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min | Max [ Unit 


OFF CHARACTERISTICS 


Forward Voltage 
(Ip = 10 mA) 

Vf 

— 

0.60 

V 

Reverse Voltage Leakage Current 

1r 



fxA 

(Vr = 3.0 V) 


— 

0.25 


(Vr = 4.0 V) 


— 

10 


Capacitance 

C 

— 

1.0 

PF 

(Vr = 0 V,f = 1.0 MHz) 
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MMBD501L, MMBD701L For Specifications, 

^ See MBD501L Data. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

70 

Vdc 

Forward Current 

If 

200 

mAdc 

Peak Forward Surge Current 

iFM(surge) 

500 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 

1.8 

mW/°C 


Thermal Resistance Junction to Ambient 

R0JA 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25X 

Derate above 25°C 


2.4 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

417 

°C/W 

Junction and Storage Temperature 

Tjr Tgtq 

- 55 to +150 

°C 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBD914XL = 5D 


IVIIVIBD914L 

CASE 318-03, STYLE 8 
SOT-23 (TO-236AB) 



Cathode Anode 


HIGH-SPEED SWITCHING DIODE 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | UniV 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(Ir = 100 ixAdc) 

V(BR) 

100 

— 

Vdc 

Reverse Voltage Leakage Current 
(Vr = 20 Vdc) 

Ir 


25 

nAdc 

(Vr = 75 Vdc) 


— 

5.0 

ixAdc 

Diode Capacitance 

Ct 

— 

4.0 

pF 

(Vr = 0, f = 1.0 MHz) 





Forward Voltage 

vf 

— 

1.0 

Vdc 

(Ip = 10 mAdc) 





Reverse Recovery Time 

trr 

— 

4.0 

ns 

(Ip = Ip = 10 mAdc) (Figure 1) 



i 



FIGURE 1 — Recovery Time Equivalent Test Circuit 




INPUT SIGNAL 



(Ip = Ir = 10 mA; measured 
at 'R(REC) = ■> 0 mA) 


Notes: 1. A 2.0 kO variable resistor adjusted for a Forward Current (Ip) of 10 mA. 

2. Input pulse is adjusted so iR(peak) 's apual to 10 mA. 

3. tp » trr 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage MMBD2836XL 

MMBD2835XL 

Vr 

75 

35 

Vdc 

Forward Current 

If 

100 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 

1.8 

rnW/X 


Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 

2.4 

mW/°C 


Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj, Tsta 

-55 to +150 

°C 


*FR-5 = 1.0x0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBD2835XL = A3X; MMBD2836XL = A2X 


IVIMBD2835XL 

IVIIVIBD2836XL 

CASE 318-03, STYLE 12 
SOT-23 (TO-236AB) 



Cathode 


DUAL 

SWITCHING DIODES 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min I Max I Unit 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(Ir = 100 AtAdc) 

MMBD2835XL 

MMBD2836XL 

V(BR) 

35 

75 

- 

Vdc 

Reverse Voltage Leakage Current 


Ir 



nAdc 

(Vr = 30 Vdc) 

MMBD2835XL 


— 

100 


(Vr = 50 Vdc) 

MMBD2836XL 


— 

100 


Diode Capacitance 


Ct 

— 

4.0 

PF 

(Vr = 0, f = 1.0 MHz) 






Forward Voltage 


Vf 



Vdc 

(Ip = 10 mAdc) 



— 

1.0 


(Ip = 50 mAdc) 



— 

1.0 


(Ip = 100 mAdc) 



— 

1.2 


Reverse Recovery Time 


trr 

— 

15 

ns 

(Ip = Ir = 10 mAdc, iR(REC) = TO mAdc) (Figure 1) 

i 






FIGURE 1 — Recovery Time Equivalent Test Circuit 



Vr 


INPUT SIGNAL 



(Ip = Ir = 10 mA; measured 
atiR(REC) = 1.0 mA) 


Notes: 1. A 2.0 kft variable resistor adjusted for a Forward Current (Ip) of 10 mA. 

2. Input pulse is adjusted so iR(peak) ia aqual to 10 mA. 

3. tp » trr 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Peak Reverse Voltage 

Vrm 

75 

Vdc 

D.C. Reverse Voltage MMBD2837XL 

MMBD2838XL 

Vr 

30 

50 

Vdc 

Peak Forward Current 

Ifm 

450 

300 

mAdc 

Average Rectified Current 

Iq 

150 

100 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 

1.8 

mW/°C 


Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 

2.4 

mW/°C 


Thermal Resistance Junction to Ambient 

R0JA 

417 

X/W 

Junction and Storage Temperature 

Tj, Tstg 

— 55 to +150 

X 


*FR-5 = 1.0x 0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBD2837XL = A5X; MMBD2838XL = A6X 


IVIMBD2837XL 

IVIMBD2838XL 

CASE 318-03, STYLE 9 
SOT-23 (TO-236AB) 



3 

Cathode 


Anode 
— O 1 


-O 2 


DUAL 

SWITCHING DIODES 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Max | Unit 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(l(BR) = 100 /iAdc) 

MMBD2837XL 

MMBD2838XL 

V(BR) 

35 

75 

- 

Vdc 

Reverse Voltage Leakage Current 


Ir 



/xAdc 

(Vr = 30 Vdc) 

MMBD2837XL 


— 

0.1 


(Vr = 50 Vdc) 

MMBD2838XL 


— 

0.1 


Diode Capacitance 


Ct 

— 

4.0 

PF 

(Vr = 0,f = 1.0 MHz) 






Forward Voltage 


Vf 



Vdc 

(Ip = 10 mAdc) 



— 

1.0 


(Ip = 50 mAdc) 



— 

1.0 


(Ip = 100 mAdc) 



— 

1.2 


Reverse Recovery Time 



— 

15 

ns 

(Ip = Ir = 10 mAdc, iR{REC) = 1-0 mAdc) (Figure 1) 


i 





FIGURE 1 — Recovery Time Equivalent Test Circuit 




INPUT SIGNAL 



(Ip = Ir = 10 mA; measured 
atiR(REC) = 10 mA) 


Notes: 1. A 2.0 kft variable resistor adjusted for a Forward Current (Ip) of 10 mA. 

2. Input pulse is adjusted so iR(peak) 's OQual to 1 0 mA. 

3. tp » trr 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

70 

Vdc 

Forward Current 

If 

200 

mAdc 

Peak Forward Surge Current 

lFM{surge) 

500 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

R^ja 

556 

°C/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

°C/W 

Junction and Storage Temperature 

Tj» Tstq 

-55 to +150 

°c 


*FR-5 = 1.0x 0.75x0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBD6050XL = 5A 


MMBD6050L 

CASE 318-03, STYLE 8 
SOT-23 (TO-236AB) 



Cathode Anode 


SWITCHING DIODE 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(l(BR) = 100 Mdc) 

V(BR) 

70 

— 

Vdc 

Reverse Voltage Leakage Current 

Ir 

— 

0-1 

/iAdc 

(Vr = 50 Vdc) 





Forward Voltage 

Vf 



Vdc 

(Ip = 1.0 mAdc) 


0.55 

0.7 


(Ip = 100 mAdc) 


0.85 

1.1 


Reverse Recovery Time 

trr 

— 

4.0 

ns 

(Ip = Ip = 10 mAdc, iR(REC) = TO mAdc) (Figure 1) 





Capacitance 

C 

— 

2.5 

pF 

(Vr = 0) 1 






FIGURE 1 — Recovery Time Equivalent Test Circuit 




INPUT SIGNAL 



OUTPUT PULSE 
(Ip = Ir = 10 mA; measured 
at iR(REC) = 1 0 mA) 


Notes: 1 . A 2.0 kft variable resistor adjusted for a Forward Current (Ip) of 10 mA. 

2. Input pulse is adjusted so iR(peak) 'a equal to 10 mA. 

3. tp » trr 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 







MAXIMUM RATINGS 


1 

Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

70 

Vdc 

Forward Current 

If 

200 

mAdc 

Peak Forward Surge Current 

iFM(surge) 

500 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 




Derate above 25°C 


1.8 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

556 

XA/V 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 




Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj/ Tstg 

-55 to +150 

X 


*FR-5 = 1.0x 0.75x 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBD6100L = 5B 


IVIIVIBD6100L 


CASE 318-03, STYLE 9 
SOT-23 (TO-236AB) 



3 

Cathode 


Anode 
44 O 1 


-02 


DUAL 

SWITCHING DIODES 



ELECTRICAL CHARACTERISTICS [Tj\ = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Max T Unit 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(l(BR) = 100 )u.Adc) 

V(BR) 

70 

— 

Vdc 

Reverse Voltage Leakage Current 

Ir 

— 

0.1 

jLiAdc 

(Vr = 50 Vdc) 





Forward Voltage 

vf 



Vdc 

(Ip = 1.0 mAdc) 


0.55 

0.7 


(Ip = 100 mAdc) 


0.85 

1.1 


Reverse Recovery Time 

trr 

— 

15 

ns 

(Ip = ip = 10 mAdc, iR(REC) = 1-0 mAdc) (Figure 1) 





Capacitance 

C 

— 

2.5 

PF 

(Vr = 0) 






FIGURE 1 — Recovery Time Equivalent Test Circuit 




INPUT SIGNAL 



(Ip = Ir = 10 mA; measured 
at'R(REC) = 10 mA) 


Notes: 1. A 2.0 kft variable resistor adjusted for a Fonvard Current (Ip) of 10 mA. 

2. Input pulse is adjusted so iR(peak) 'a aQual to 10 mA. 

3. tp » trr 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

100 

Vdc 

Forward Current 

If 

200 

mAdc 

Peak Forward Surge Current 

iFM(surge) 

500 

mAdc 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

556 

X/W 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj. Tstq 

- 55 to +150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 


MMBD7000L = 5C 


MMBD7000L 

CASE 318-03, STYLE 11 
SOT-23 (TO-236AB) 



3 

Cathode/Anode 


DUAL 

SWITCHING DIODES 


ELECTRICAL CHARACTERISTICS (Ta == 25°C unless otherwise noted.) 

Characteristic [ Symb^ 1 Min I Max I Unit 


OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(l(BR) = 100 /iAdc) 

V(BR) 

100 

— 

Vdc 

Reverse Voltage Leakage Current 




fxAdc 

(Vr = 50 Vdc) 

Ir 

— 

0.30 


(Vr = 100 Vdc) 

IR2 

— 

0.5 


(Vr = 50 Vdc, 125X) 

IR3 

— 

100 


Forward Voltage 

Vf 



Vdc 

(Ip = 1.0 mAdc) 


0.55 

0.7 


(Ip = 10 mAdc) 


0.67 

0.82 


(Ip = 100 mAdc) 


0.75 

1.1 


Reverse Recovery Time 

trr 

— 

4.0 

ns 

(Ip = Ip = 10 mAdc) (Figure 1) 





Capacitance 

C 

— 

1.5 

PF 

(Vr = 0) 1 







FIGURE 1 — Recovery Time Equivalent Test Circuit 




INPUT SIGNAL 



(Ip = Ip = 10 mA; measured 
atiR(REC) = 1.0 mA) 


Notes: 1. A 2.0 kfi variable resistor adjusted for a Forward Current (Ip) of 10 mA. 

2. Input pulse is adjusted so iR(peak) 's equal to 10 mA. 

3. tp » tfr 
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SILICON EPICAP DIODES 


. . . designed in the Surface Mount package for general frequency control 
and tuning applications; providing solid-state reliability in replacement of 
mechanical tuning methods. 

• Controlled and Uniform Tuning Ratio 


MAXIMUM RATINGS 



MV105G|lViMBV105G,L 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

30 

Volts 

Forward Current 

If 

200 

mA 

Device Dissipation @ Ta = 25°C 

Derate above 25°C 

Pd 

280 200 

2.8 2.0 

mW 

mW/°C 

Junction Temperature 

Tj 

+ 125 

X 

Storage Temperature Range 

'''stg 

— 55 to +150 

X 


MMBVIOSGL 

MVIOSG 


CASE 182-02, STYLE 1 
(TO-226AC) 

2 O ]|^ O 1 

Cathode Anode 



CASE 318-03, STYLE 8 
SOT-23 (TO-236AB) 



30 VOLTS 

VOLTAGE VARIABLE 
CAPACITANCE DIODES 


DEVICE MARKING 

MMBV105GL = 4E 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Reverse Breakdown Voltage 
(Ir = 10 AAdc) 

V(BR)R 

30 

— 

Vdc 

Reverse Voltage Leakage Current 
(VR = 28 V) 


— 

50 

nAdc 



Ct 

— 

Q 



Device 

Vr = 25 Vdc 

f = 100 MHz 



Type 

PF 

Vr = 3.0 V 

C3/C25 


Min 

Max 

Typ 

Min 

Max 

MMBV105G 

1.8 

2.8 

150 

4.0 

6.0 


FIGURE 1 — DIODE CAPACITANCE 



03 05 10 2030 50 10 20 30 

Vr, reverse voltage (VOLTS) 
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SILICON EPICAP DIODE 


. . . designed for general frequency control and tuning applications; provid- 
ing solid-state reliability in replacement of mechanical tuning methods. 

• High Q with Guaranteed Minimum Values at VHF Frequencies 

• Controlled and Uniform Tuning Ratio 

• Available in Surface Mount Package 


DEVICE MARKING 

MMBV109L = 4A 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 
(Ir = 10 /xAdc) 

V(BR)R 

30 

— 

— 

Vdc 

Reverse Voltage Leakage Current 
(Vr = 25 Vdc) 

>R 

— 

— 

0.1 

^Adc 

Diode Capacitance Temperature Coefficient 
(Vr = 3.0 Vdc, f = 1.0 MHz) 

TCc 

— 

300 

— 

ppm/°C 



Ct, Diode Capacitance 

Vr = 3.0 Vdc, f = 1.0 MHz 
pF 

Q, Figure of Merit 
Vr = 3.0 Vdc 
f = 50 MHz 
(Note 1) 

Cr, Capacitance Ratio 

C 3 /C 25 

f = 1.0 MHz 
(Note 2) 

Device 

Min 

Nom 

Max 

Min 

Min 

Max 

MMBV109L, MV209 

26 

29 

32 

200 

5.0 

6.5 


MAXIMUM RATINGS 


__ 

MV209 1 MMBV209,L 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

30 

Volts 

Forward Current 

If 

200 

mA 

Forward Power Dissipation @ Ta = 25°C 
Derate above 25°C 

Pd 

280 200 

2.8 2.0 

mW 

mVV/°C 

Junction Temperature 

Tj 

+ 125 

°C 

Storage Temperature Range 

^stg 

-55 to +150 

°C 


MIVIBVIOSL 

MV209 


CASE 182-02, STYLE 1 
(TO-226AC) 


Cathode 


HN- 



CASE 318-03, STYLE 8 
SOT-23 (TO-236AB) 



26-32 pF 

VOLTAGE VARIABLE 
CAPACITANCE DIODES 


FIGURE 1 — DIODE CAPACITANCE 



1 10 100 
Vr, reverse voltage (VOLTS) 
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Ct, DIODE CAPACITANCE (NORMALIZED) 


MMBV109L, MV209 


FIGURE 2 — FIGURE OF MERIT 


FIGURE 3 — LEAKAGE CURRENT 




-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 


Ta, ambient TEMPERATURE (OC) 


FIGURE 4 — DIODE CAPACITANCE 



-75 -50 -25 0 +25 +50 +75 +100 +125 


ta, ambient temperature (OC) 


NOTES ON TESTING AND SPECIFICATIONS 

1. Q is calculated by taking the G and C readings of an admit- 
tance bridge, such as Boonton Electronics Model 33AS8, at 
the specified frequency and substituting in the following 
equation: 


Q 


27rfC 

G 


2. Cr is the ratio of Ct measured at 3.0 Vdc divided by Ct mea- 
sured at 25 Vdc. 
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MAXIMUM RATINGS 


Rating 

Symbol 

MV409 1 MMBV409,L 

Unit 

Value 

Reverse Voltage 

Vr 

20 

Volts 

Forward Current 

If 

200 

mA 

Forward Power Dissipation @ Ta = 25°C 
Derate above 25°C 

pd 

280 225* 

2.8 1.8 

mW 

mW/X 

Junction Temperature 

Tj 

+ 125 

X 

Storage Temperature Range 

l^stg 

-55 to +150 

X 


MIVIBV409L 

IVIV409 


CASE 182-02, STYLE 1 
TO-92 (TO-226AC) 

2 O iH o 1 


CASE 318-03, STYLE 8 
SOT-23 (TO-236AB) 



VOLTAGE VARIABLE 
CAPACITANCE DIODES 


*FR5 Board 1.0 x 0.75 x 0.062 in. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic — All Types 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 
(Ir = 10 AAdc) 

V(BR)R 

20 

— 

— 

Vdc 

Reverse Voltage Leakage Current 
(Vr = 15 Vdc) 

Ir 


— 

0.1 

fiAdc 

Diode Capacitance Temperature Coefficient 
(Vr = 3 Vdc, f = 1 MHz) 

TCc 

1 


300 

— 

ppm/X 



Ct, Diode Capacitance 

Vr = 3 Vdc, f = 1 MHz 

pf 

Q, Figure of Merit 

Vr = 3 Vdc 
f = 50 MHz 
(Note 1) 

Cr, Capacitance Ratio 
C 3 /C 8 
f = 1 MHz 
(Note 2) 

Device 

Min 

Nom 

Max 

Min 

Min 

Max 

MMBV409L, MV409 

26 

29 

32 

200 

1.5 

1.9 


NOTES ON TESTING AND SPECIFICATIONS 

(1) Q is calculated by taking the G and C readings of an admittance bridge, such as Boonton Electronics Model 33AS8, at the specified 
frequency and substituting in the following equation: 



(2) Cr is the ratio of measured at 3 Vdc divided by Ct measured at 8 Vdc. 
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Ir, reverse current (nA) Cj, DIODE CAPACITANCE (pF) 


MMBV409L, MV409 



1 2 3 4 5 6 7 8 9 10 

Vr, reverse voltage (VOLTS) 



vr, reverse voltage volts 


Figure 1. Diode Capacitance 


Figure 2. Figure of Merit 



0.001 1 ^ ^ ^ ^ ^ ^ ^ ^ 1 I 

-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 


Ta, ambient temperature (°C) 



Figure 3. Leakage Current 


Figure 4. Diode Capacitance 


5 
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SILICON EPICAP DIODES 


. . . designed for FM tuning, general frequency control and tuning, or any 
top-of-the-line application requiring back-to-back diode configuration for 
minimum signal distortion and detuning. This device is supplied in the 
SOT-23 plastic package for high volume, pick and place assembly 
requirements. 

• High Figure of Merit — Q = 100 (Typ) @ Vr = 2.0 Vdc, f = 100 MHz 

• Guaranteed Capacitance Range 

• Dual Diodes — Save Space and Reduce Cost 

• Surface Mount Package 

• Available in 8 mm Tape and Reel 

• Monolithic Chip Provides Improved Matching — Guaranteed ±1.0% (Max) 

Over Specified Tuning Range 

MAXIMUM RATINGS (Each Diode) 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

14 

Volts 

Forward Current 

If 

200 

mA 

Total Power Dissipation @ Ty\ = 25°C 

Pd 

350 

mW 

Derate above 25°C 


2.8 

mW/°C 

Junction Temperature 

Tj 

+ 125 

°C 

Storage Temperature Range 

I'stg 

-55 to +125 

X 


DEVICE MARKING 

MMBV432L = 4B 


IVIIVIBV432L 

CASE 318-03, STYLE 9 
SOT-23 (TO-236AB) 



3 


DUAL 

VOLTAGE-VARIABLE 
CAPACITANCE DIODES 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 
(Ir = 10 fxAdc) 

V(BR)R 

14 

— 

— 

Vdc 

Reverse Voltage Leakage Current 
(Vr = 9.0 Vdc) 

Ir 

— 

— 

100 

nAdc 

Diode Capacitance 
(Vr = 2.0 Vdc, f = 1.0 MHz) 

Ct 

43 

— 

48.1 

pF 

Capacitance Ratio C2/C8 
(f - 1.0 MHz) 

Cr 

1.5 

— 

2.0 

— 

Figure of Merit* 

(Vr = 2.0 Vdc, f = 100 MHz) , 

Q 

75 

100 

— 

— 


2 irf Cj Rs 


TYPICAL CHARACTERISTICS (Each Diode) 



1 2 3 5 10 

Vr, reverse VOLTAGE (VOLTS) 



0 2 4 6 8 10 

Vr, reverse VOLTAGE (VOLTS) 


Figure 1. Diode Capacitance (Each Diode) 


Figure 2. Figure of Merit versus Voltage 
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MMBV432L 


TYPICAL CHARACTERISTICS (Each Diode) 



10 20 30 50 70 100 200 300 

f, FREQUENCY (MHz) 



-75 -50 -25 0 25 50 75 100 125 

Tj, JUNCTION TEMPERATURE (°C) 


Figure 3. Figure of Merit versus Frequency Figure 4. Diode Capacitance versus Temperature 



Figure 5. Reverse Current versus Reverse Voltage 
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SILICON EPICAP DIODES 


. . . designed in the popular PLASTIC PACKAGE for high volume require- 
ments of FM Radio and TV tuning and AFC, general frequency control and 
tuning applications; providing solid-state reliability in replacement of 
mechanical tuning methods. 

Also available In Surface Mount Package up to 33 pF. 

• High Q with Guaranteed Minimum Values 

• Controlled and Uniform Tuning Ratio 

• Standard Capacitance Tolerance — 10% 

• Complete Typical Design Curves 


MAXIMUM RATINGS 



MV2101 

thru 

IVIV2115 

MMBV2101L 

thru 

MMBV2109L 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

30 

Volts 

Forward Current 

If 

200 

mA 

Device Dissipation @ Ta = 25°C 

Pd 

280 

200 

mW 

Derate above 25°C 


2.8 

2.0 

mW/°C 

Junction Temperature 

Tj 

+ 125 

X 

Storage Temperature Range 

■ Jstg .. 

— 55 to +150 

°C 


IVIMBV2101L thru 
IVIMBV2109L 
IVIV2101 thru MV2115 

CASE 182-02, STYLE 1 
(TO-226AC) 

20 1|4 O 1 

Cathode Anode 

CASE 318-03, STYLE 8 
SOT-23 (TO-236AB) 1 

30 O 1 

Cathode Anode 




6.8-100 pF 
30 VOLTS 

VOLTAGE-VARIABLE 
CAPACITANCE DIODES 


DEVICE MARKING 


MMBV2101L = 4G 

MMBV2103L = 4H 

MMBV2106L = 4V 

MMBV2109L = 4J 

MMBV2104L = 4Z 

MMBV2107L = 4W 

MMBV2102L = 4Y 

MMBV2105L = 4U 

MMBV2108L = 4X 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 
(Ir = 10 ^Adc) 

V(BR)R 

30 

— 

— 

Vdc 

Reverse Voltage Leakage Current 
(Vr = 25 Vdc, Ta = 25°C) 

Ir 

— 

— 

0.1 

fjLAdc 

Diode Capacitance Temperature Coefficient 
(Vr = 4.0 Vdc, f = 1.0 MHz) 

TCc 

— 

280 

— 

ppm/°C 



Cy, Diode Capacitance 

Vr = 4.0 Vdc, f = 1.0 MHz 
pF 

Q, Figure of Merit 
Vr = 4.0 Vdc, 
f = 50 MHz 

TR, Tuning Ratio 

C 2 /C 30 
f = 1.0 MHz 

Device 

Min 

Nom 

Max 

Typ 

Min 

Typ 

Max 

MMBV2101UMV2101 

6.1 

6.8 

7.5 

450 

2.5 

2.7 

3.2 

MMBV2102L/MV2102 

7.4 

8.2 

9.0 

450 

2.5 

2.8 

3.2 

MMBV2103L/MV2103 

9.0 

10 

11 

400 

2.5 

2.9 

3.2 

MMBV2104L/MV2104 

10.8 

12 

13.2 

400 

2.5 

2.9 

3.2 

MMBV2105L/MV2105 

13.5 

15 

16.5 

400 

2.5 

2.9 

3.2 

MMBV2106L/MV2106 

16.2 

18 

19.8 

350 

2.5 

2.9 

3.2 

MMBV2107L/MV2107 

19.8 

22 

24.2 

350 

2.5 

2.9 

3.2 

MMBV2108L/MV2108 

24.3 

27 

29.7 

300 

2.5 

3.0 

3.2 

MMBV2109UMV2109 

29.7 

33 

36.3 

200 

2.5 

3.0 

3.2 

MV2110 

35.1 

39 

42.9 

150 

2.5 

3.0 

3.2 

MV2111 

42.3 

47 

51.7 

150 

2.5 

3.0 

3.2 

MV2112 

50.4 

56 

61.6 

150 

2.6 

3.0 

3.3 

MV2113 

61.2 

68 

74.8 

150 

2.6 

3.0 

3.3 

MV2114 

73.8 

82 

90.2 

100 

2.6 

3.0 

3.3 

MV2115 

90 

100 

110 

100 

2.6 

3.0 

3.3 
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Ct. diode capacitance (pF) 


MMBV2101Lthru MMBV2109L, MV2101 thru MV2115 


PARAMETER TEST METHODS 


1. Cj, DIODE CAPACITANCE 

(Cj = Cc + Cj), Cj is measured at 1.0 MHz using a 
capacitance bridge (Boonton Electronics Model 75A 
or equivalent). 

2. TR, TUNING RATIO 

TR is the ratio of Cj measured at 2.0 Vdc divided by 
Cj measured at 30 Vdc. 

3. Q, FIGURE OF MERIT 

Q is calculated by taking the G and C readings of an 
admittance bridge at the specified frequency and sub- 
stituting in the following equations; 


(Boonton Electronics Model 33AS8). Use Lead Length 
^ 1/16". 


4. TCc, DIODE CAPACITANCE TEMPERATURE 
COEFFICIENT 

TCc is guaranteed by comparing Cj at Vr = 4.0 Vdc, 
f = 1.0 MHz, Ta = -65°C with Cj at Vr = 4.0 Vdc, f 
= 1.0 MHz, Ta = +85°C in the following equation 
which defines TCc: 

= Ct( + 85X)-Ct(-65°C) ^ 106 

^ ~ 85 + 65 ’ Cr(25°C) 

Accuracy limited by measurement of Cj to ± 0.1 pF. 


TYPICAL DEVICE PERFORMANCE 

FIGURE 1 — DIODE CAPACITANCE versus REVERSE VOLTAGE 



Vq, REVERSE VOLTAGE (VOLTS) 
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NORMALIZED DIODE CAPACITANCE 


MMBV2101L thru MMBV2109L, MV2101 thru MV2115 


FIGURE 2 — NORMALIZED DIODE CAPACITANCE versus FIGURE 3 — REVERSE CURRENT versus REVERSE 

JUNCTION TEMPERATURE BIAS VOLTAGE 



-75 -50 -25 0 25 50 75 100 125 0 5.0 10 15 20 25 30 

Tj, JUNCTION TEMPERATURE (OC) Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 4 — FIGURE OF MERIT versus REVERSE VOLTAGE FIGURE 5 — FIGURE OF MERIT versus FREQUENCY 



Vr, REVERSE VOLTAGE (VOLTS) f, FREQUENCY (MHz) 
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SILICON EPICAP DIODES 


. . . designed in the Surface Mount package for general frequency control 
and tuning applications; providing solid-state reliability in replacement of 
mechanical tuning methods. 

• High Q with Guaranteed Minimum Values at VHF Frequencies 

• Controlled and Uniform Tuning Ratio 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

30 

Vdc 

Forward Current 

If 

200 

mAdc 

Device Dissipation @ Ta = 25°C 

Pd 

200 

mW 

Derate above 25°C 


2.0 

mW/°C 

Junction Temperature 

Tj 

+ 125 

°C 

Storage Temperature Range 

Tstg 

- 55 to +150 

°C 


IVIIVIBV3102L 

CASE 318-03, STYLE 8 
SOT-23 (TO-236AB) 



HH- 


22 pF (Nominal) 

30 VOLTS 

VOLTAGE VARIABLE 
CAPACITANCE DIODES 


DEVICE MARKING 

MMBV3102L = 4C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 
(Ir = 10 /lAdc) 

V(BR)R 

30 

— 

— 

Vdc 

Reverse Voltage Leakage Current 
(Vr = 25 Vdc, Ta = 25°C) 

Ir 

— 

— 

0.1 

jiiAdc 

Diode Capacitance Temperature Coefficient 
(Vr = 4.0 Vdc, f = 1.0 MHz) 

TCc 

— 

300 

— 

ppm/°C 



Cf, Diode Capacitance 

Vr = 3.0 Vdc, f = 1.0 MHz 
pF 

Q, Figure of Merit 

Vr = 3.0 Vdc, 
f = 50 MHz 

Cr, Capacitance Ratio 
C 3 /C 25 
f = 1.0 MHz 

Device 

Min 

Nom 

Max 

Min 

Min 

Typ 

MV3102L 

20 

22 

25 

200 

4.5 

4.8 


FIGURE 1 — DIODE CAPACITANCE 



0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 

Vr, reverse voltage (VOLTS) 
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Cj, DIODE CAPACITANCE (NORMALIZED) Q. FIGURE OF MERIT (X 1000) 


MMBV3102L 


FIGURE 2 — FIGURE OF MERIT 



‘ 0 3.0 6.0 9.0 12 15 18 21 24 27 30 

Vr, reverse voltage (VOLTS) 


FIGURE 4 ^ DIODE CAPACITANCE 



-75 -50 -25 0 +25 +50 +75 +100 +125 

Ta,AMBIENTTEMPERATURE(OC) 


FIGURE 3 — LEAKAGE CURRENT 



-60 -20 +20 +60 +100 +140 

Ta, AMBIENTTEMPERATURE (OC) 


NOTES ON TESTING AND SPECIFICATIONS 

1. Ls is measured on a package having a short instead of a die, 
using an impedance bridge (Boonton Radio Model 250A RX 
Meter), 

2. Cc is measured on a package without a die, using a capaci- 
tance bridge (Boonton Electronics Model 75A or equivalent). 

3. Q is calculated by taking the G and C readings of an admit- 
tance bridge, such as Boonton Electronics Model 33AS8, at 
the specified frequency and substituting in the following 
equation: 


4. Cr is the ratio of Cj measured at 3.0 Vdc divided by Cj 
measured at 25 Vdc. 
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SILICON PIN DIODE 

. . . designed primarily for VHF band switching applications but also suitable 
for use in general-purpose switching and attenuator circuits. Supplied in a 
Surface Mount package. 

• Rugged PIN Structure Coupled with Wirebond Construction for Optimum 

Reliability 

• Low Capacitance — 0.7 pF Typ at Vr = 20 V 

• Very Low Series Resistance at 100 MHz — 0.34 Ohms (Typ) 

@ Ip = 10 mAdc 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

20 

Vdc 

Forward Power Dissipation @ Ta = 25°C 

Pf 

200 

mW 

Derate above 25°C 


2.8 

mW/X 

Junction Temperature 

Tj 

+ 125 

X 

Storage Temperature Range 

Tstq 

-55 to +150 

X 


DEVICE MARKING 

MMBV3401L = 4D 


IVIMBV3401L 

CASE 318-03, STYLE 8 
SOT-23 (TO-236AB) 



Cathode Anode 


SILICON PIN 
SWITCHING DIODE 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 
(Ir = IOaA) 

V(BR)R 

35 

— 

— 

Volts 

Diode Capacitance 
(Vr = 20 V) 

Ct 

— 

— 

1.0 

pF 

Series Resistance (Figure 5) 

(Ip = 10 mA) f = 100 MHz 

Rs 

— 

— 

0.7 

Ohms 

Reverse Leakage Current 
(Vr = 25 V) 

Ir 

i 

— 

0.1 

aA 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 1 - SERIES RESISTANCE 



0 2.0 4.0 6.0 8.0 10 12 14 16 



0.5 0.6 0.7 0.8 0 9 1.0 


Ip, FORWARD CURRENT (mA) 


Vp, FORWARD VOLTAGE (VOLTS) 
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Ct, DIODE CAPACITANCE (pF) 


MMBV3401L 


FIGURE 3 - DIODE CAPACITANCE 




-60 -20 +20 +60 +100 +140 


Ta, AMBIENT TEMPERATURE {°C) 


FIGURE 5 - FORWARD SERIES RESISTANCE TEST METHOD 


Hi O 


Boonton 
Model 33A or B 


Lo O- 


S 


— For test fixture, leads should be as 
All measurements @ 100 MHz short as possible. 


To measure series resistance, a 10 pF capacitor is used to reduce 
the forward capacitance of the circuit and to prevent shorting of 
the external power supply through the bridge. The small signal 
from the bridge is prevented from shorting through the power 
supply by the 500-ohm .resistor. The resistance of the 10 pF 
capacitor can be considered negligible for this measurement. 

1. The RF Admittance Bridge (Boonton 33A or B) must be 
initially balanced, with the test circuit connected to the 
bridge test terminals. The conductance scale will be set at 
zero and the capacitance scale will be set at 120 pF, as re- 
quired when using the 100 MHz test coil. 


2. Use a short length of wire to short the test circuit from 
point “A" to "B”. Then connect the power supply pro- 
viding 10 mA of bias current to the test circuit. 

3. Adjust the capacitance scale arm of the bridge and the "G" 
zero control for a minimum null on the "null meter". 
The null occurs at approximately 130 pF. 

4. Replace the wire short with the device to be tested. Bias 
the device to a forward conductance state of 10 mA. 

5. Obtain a minimum null on the "null meter", with the 
capacitance and conductance scale adjustment arms. 

6. Read conductance (G) direct from the scale. Now read 
the capacitance value from the scale 130 pF) and sub- 
tract 120 pF which yields capacitance (C). The forward 
resistance (Rs) can now be calculated from: 


2.533 G 



Where: 

G — in micromhos, 
C — in pF, 

Rs - in ohms 
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HIGH VOLTAGE SILICON PIN DIODE 

. . . designed primarily for VHF band switching applications but also suitable 
for use in general-purpose switching and attenuator circuits. Supplied in a 
cost effective plastic package for economical, high-volume consumer and 
industrial requirements. 

• Long Reverse Recovery Time 

trr = 300 ns (Typ) 

• Rugged PIN Structure Coupled with Wirebond Construction for Optimum 

Reliability 

• Low Series Resistance @ 100 MHz — 

RS = 0.7 Ohms (Typ) @ Ip = 10 mAdc 

• Reverse Breakdown Voltage = 200 V (Min) 


MAXIMUM RATINGS 



MPN3700 |mMBV3700,L 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

200 

Volts 

Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Pd 

280 200 

2.8 2.0 

mW 

rnwrc 

Junction Temperature 

Tj 

+ 125 

X 

Storage Temperature Range 

'''stg 

— 55 to +150 

X 



DEVICE MARKING 

MMBV3700L = 4R 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 
(IR = 10 M) 

V(BR)R 

200 

— 

— 

Volts 

Diode Capacitance 
(Vr = 20 Vdc, f - 1.0 MHz) 

Ct 

— 

— 

1.0 

PF 

Series Resistance (Figure 5) 

(Ip = 10 mA) 

Rs 

— 

0.7 

1.0 

Ohms 

Reverse Leakage Current 
(Vr = 150 Vdc) 

ir ! 

— 

— 

0.1 

aA 

Reverse Recovery Time 
(Ip = Ip = 10 mA) 

trr 

— 

300 

1 

ns 



TYPICAL ELECTRICAL CHARACTERISTICS 

FIGURE 2 - FORWARD VOLTAGE 


4 6 8 10 12 

Ip, FORWARD CURRENT (mA) 



MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 








MMBV3700L, MPN3700 


FIGURE 3 - DIODE CAPACITANCE 




-60 -20 +20 +60 +100 +140 

Ta, AMBIENT TEMPERATURE (OC) 


FIGURE 5 - FORWARD SERIES RESISTANCE TEST METHOD 


10 pF 


500 fl 

— WV 0 + 


Boonton 
Model 33A or 6 




D.U.T. Power Supply 


All measurements @ 100 MHz 


■=■ For test fixture, leads should 
be as shbrt as possible. 


To measure series resistance, a 10 pF capacitor is used to reduce 
the forward capacitance of the circuit and to prevent shorting of 
the external power supply through the bridge. The small signal 
from the bridge is prevented from shorting through the power 
supply by the 500-ohm resistor. The resistance of the 10 pF ca- 
pacitor can be considered negligible for this measurement. 

1 . The RF Admittance Bridge (Boonton 33A or B) must be ini- 
tially balanced, with the test circuit connected to the bridge 
test terminals. The conductance scale will be set at zero 
and the capacitance scale will be set at 120 pF, as required 
when using the 100 MHz test coil. 


2 Use a short length of wire to short the test circuit from point 
"A" to "B". Then connect the power supply providing 10 mA 
of bias current to the test circuit. 

3. Adjust the capacitance scale arm of the bridge and the "G" 
zero control for a minimum null on the "null meter”. The 
null occurs at approximately 130 pF. 

4. Replace the wire short with the device to be tested. Bias 
the device to a forward conductance state of 10 mA. 

5. Obtain a minimum null on the "null meter", with the ca- 
pacitance and conductance scale adjustment arms. 

6. Read conductance (G) direct from the scale. Now read the 
capacitance value from the scale (=«130 pF) and subtract 
120 pF which yields capacitance (C). The forward resistance 
(Rs) can now be calculated from: 


2.533 G 



Where: 

G — in micromhos, 
C — in pF, 

Rs — in ohms 
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THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Total Device Dissipation FR-5 Board,* 

Pd 

225 

mW 

Ta = 25°C 

Derate above 25°C 


1.8 

mW/°C 

Thermal Resistance Junction to Ambient 

P^JA 

556 

°CNSI 

Total Device Dissipation 

Pd 

300 

mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 


2.4 

mW/X 

Thermal Resistance Junction to Ambient 

R^ja 

417 

X/W 

Junction and Storage Temperature 

Tj/ Tstg 

— 55 to +150 

X 


*FR-5 = 1.0 X 0.75 X 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


MIVIBZ5226BL 

thru 

IVIIVIBZ5257BL 

CASE 318-03, STYLE 8 
SOT-23 (TO-236AB) 



3 o O 1 

Cathode Anode 

ZENER DIODES 


Pinout: 1 -Anode, 2-NC, 3-Cathode (Vp = 0.9 V Max @ Ip = 10 mA for all types.) 


Device 

Marking 

Test 

Current 

IZT 

mA 

Zener 

Voltage 

Vz (±5%) 
Nominal 

ZZK 

IZ = 0.25 mA 

H Max 

ZZT 

IZ = IZT 
@ 10% Mod 
Max 

Max 

IR @ Vr 

fiA V 

MMBZ5226BL 

8A 

20 

3.3 

1600 

28 

25 

1.0 

MMBZ5227BL 

8B 

20 

3.6 

1700 

24 

15 

1.0 

MMBZ5228BL 

8C 

20 

3.9 

1900 

23 

10 

1.0 

MMBZ5229BL 

8D 

20 

4.3 

2000 

22 

5.0 

1.0 

MMBZ5230BL 

8E 

20 

4.7 

1900 

19 

5.0 

2.0 

MMBZ5231BL 

8F 

20 

5.1 

1600 

17 

5.0 

2.0 

MMBZ5232BL 

8G 

20 

5.6 

1600 

11 

5.0 

3.0 

MMBZ5233BL 

8H 

20 

6.0 

1600 

7.0 

5.0 

3.5 

MMBZ5234BL 

8J 

20 

6.2 

1000 

7.0 

5.0 

A.O 

MMBZ5235BL 

8K 

20 

6.8 

750 

5.0 

3.0 

5.0 

MMBZ5236BL 

8L 

20 

7.5 

500 

6.0 

3.0 

6.0 

MMBZ5237BL 

8M 

20 

8.2 

500 

8.0 

3.0 

6.5 

MMBZ5238BL 

8N 

20 

8.7 

600 

8.0 

3.0 

6.5 

MMBZ5239BL 

8P 

20 

9.1 

600 

10 

3.0 

7.0 

MMBZ5240BL 

8Q 

20 

10 

600 

17 

3.0 

8.0 

MMBZ5241BL 

8R 

20 

11 

600 

22 

2.0 

8.4 

MMBZ5242BL 

8S 

20 

12 

600 

30 

1.0 

9.1 

MMBZ5243BL 

8T 

9.5 

13 

600 

13 

0.5 

9.9 

MMBZ5244BL 

8U 

9.0 

14 

600 

15 

0.1 

10 

MMBZ5245BL 

8V 

8.5 

15 

600 

16 

0.1 

11 

IVIMBZ5246BL 

8W 

7.8 

16 

600 

17 

0.1 

12 

MMBZ5247BL 

8X 

7.4 

17 

600 

19 

0.1 

13 

MMBZ5248BL 

8Y 

7.0 

18 

600 

21 

0.1 

14 

MMBZ5249BL 

8Z 

6.6 

19 

600 

23 

0.1 

14 

MMBZ5250BL 

81A 

6.2 

20 

600 

25 

0.1 

15 

MMBZ5251BL 

81B 

5.6 

22 

600 

29 

0.1 


MMBZ5252BL 

81C 

5.2 

24 

600 

33 

0.1 

18 

MMBZ5253BL 

81 D 

5.0 

25 

600 

35 

0.1 

19 

MMBZ5254BL 

81E 

4.6 

27 

600 

41 

0.1 

21 

MMBZ5255BL 

81F 

4.5 

28 

600 

44 

0.1 

21 

MMBZ5256BL 

81G 

4.2 

30 

600 

49 

0.1 

23 

MMBZ5257BL 

81H 

3.8 

33 

700 

58 

0.1 

25 
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SILICON PIN DIODE 

. . . designed primarily for VHF band switching applications but also suitable 
for use in general-purpose switching and attenuator circuits. Supplied in a 
cost effective TO-92 type plastic package for economical, high-volume con- 
sumer and industrial requirements. 

• Rugged PIN Structure Coupled with Wirebond Construction for Optimum 

Reliability 

• Low Series Resistance @100 MHz — 

RS = 0.7 Ohms (Typ) @ Ip = 10 mAdc 

• Sturdy TO-92 Style Package for Handling Ease 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

20 

Volts 

Forward Power Dissipation (a> Ta = 25X 

Pf 

400 

mW 

Derate above 25°C 


4.0 

mW/X 

Junction Temperature 

Tj 

+ 125 

X 

Storage Temperature Range 

^stg 

- 55 to +150 

X 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 
(Ir = lO/itA) 

V(BR)R 

20 


— 

Volts 

Diode Capacitance 
(Vr = 15Vdc, f = 1.0 MHz) 

Cj 

— 

1.3 

2.0 

P*" 

Series Resistance (Figure 5) 

(Ip = 10 mA) 

Rs 

— 

0.7 

0.85 

Ohms 

Reverse Leakage Current 
(Vr = 15 Vdc) 

Ir 

— 

— 

0.1 

ixA 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 1 - SERIES RESISTANCE 


FIGURE 2 - FORWARD VOLTAGE 




0.5 0.6 0.7 0.8 0.9 1.0 

Vp, FORWARD V0LTAT3E (VOLTS) 
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Ct, diode capacitance (pF) 


MPN3404 


FIGURE 3 - DIODE CAPACITANCE 


FIGURE 4 - LEAKAGE CURRENT 


10 

7.0 

5.0 

4.0 

3.0 

2.0 


1.0 

+3.0 0 -3.0 -6.0 -9.0 -12 -15 -18 -21 -60 -20 +20 +60 +100 +140 

Vr, reverse voltage (VOLTS) Ta, AMBIENT TEMPERATURE (“0 
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FIGURE 5 - FORWARD SERIES RESISTANCE TEST METHOD 


Hi O 


Boonton 
Model 33A or B 


Lo O 

All measurements 


Z 


— For test fixture, leads should be as 
100 MHz short as possible. 


To measure series resistance, a 10 pF capacitor is used to reduce 
the forward capacitance of the circuit and to prevent shorting of 
the external power supply through the bridge. The small signal 
from the bridge is prevented from shorting through the power 
supply by the 500-ohm resistor. The resistance of the 10 pF 
capacitor can be considered negligible for this measurement. 

1. The RF Admittance Bridge (Boonton 33A or B) must be 
initially balanced, with the test circuit connected to the 
bridge test terminals. The conductance scale will be set at 
zero and the capacitance scale will be set at 120 pF, as re- 
quired when using the 100 MHz test coil. 


2. Use a short length of wire to short the test circuit from 
point "A” to "B”. Then connect the power supply pro- 
viding 10 mA of bias current to the test circuit. 

3. Adjust the capacitance scale arm of the bridge and the "G" 
zero control for a minimum null on the "null meter”. 
The null occurs at approximately 130 pF . 

4. Replace the wire short with the device to be tested. Bias 
the device to a forward conductance state of 10 mA. 

5. Obtain a minimum null on the "null meter", with the 
capacitance and conductance scale adjustment arms. 

6. Read conductance (G) direct from the scale. Now read 
the capacitance value from the scale (~ 130 pF) and sub- 
tract 120 pF which yields capacitance (C). The forward 
resistance (Rs) can now be calculated from: 


2.533 G 



Where: 

G — in micromhos, 
C - in pF, 

Rs - in ohms 
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MPN3700 


For Specifications, See MMBV3700 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

100 

Vdc 

Recurrent Peak Forward Current 

If 

200 

mA 

Peak Forward Surge Current 
(Pulse Width = 10 /xsec) 

iFM(surge) 

500 

mA 

Power Dissipation @ T/\ = 25°C 

Pd(i) 

625 

mW 

Derate above 25°C 


5.0 

mW/X 

Operating and Storage Junction 
Temperature Range 

Tj, Tgtg(1) 

1 — 55 to + 1 35 

°C 


MSDSIOOX 


CASE 29-04, STYLE 3 
TO-92 (TO-226AA) 


Anode 1 2 Anode 




2 3 Cathode 

3 


DUAL SWITCHING DIODES 
COMMON CATHODE 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Breakdown Voltage 

V(BR) 

100 

— 

Vdc 

(l(BR) = 100 /iAdc) 





Reverse Current 

IR 



fiAdc 

(Vr = 100 Vdc) 


— 

5.0 


(Vr = 50 Vdc) 


— 

0.1 


(Vr = 50 Vdc, Ta = 125°C) 


— 

20 


Forward Voltage 

Vf 



Vdc 

(Ip = 1.0 mAdc) 


0.55 

0.7 


(Ip = 10 mAdc) 


0.67 

0.82 


(Ip = 100 mAdc) 


0.75 

1.1 


Capacitance 

C 

— 

1.5 

pF 

(Vr = 0) 





Reverse Recovery Time 

trr 

— 

15 

ns 

(Ip = Ir = 10 mAdc, Vr = 5.0 Vdc, irr = 1-0 mAdc) 






(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Pq = 1.0 W @ Tq = 25°C, 
Derate above 25°C — 8.0 mW/°C, Tj = -65 to + 150°C, ^jc = 125°CA/V. 
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IVISD6102 


CASE 29-04, STYLE 3 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

70 

Vdc 

Recurrent Peak Forward Current 

If 

200 

mA 

Peak Forward Surge Current 
(Pulse Width = 10 /u,s) 

iFM(surge) 

500 

mA 

Power Dissipation @ Ta = 25°C 

Pd(i) 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj,Tstg(1) 

-55 to +135 

°C 


(1) Continuous package improvements have enhanced these guaranteed Maximum 
Ratings as follows: Pq = 1.0 W @ Tc = 25°C, Derate above 25°C — 8.0 mW/°C, 
Tj = -65 to +150°C, 0JC = 125°C/W. 



DUAL DIODES 
COMMON CATHODE 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Breakdown Voltage 
(•(BR) = 100 ^Adc) 

V(BR) 

70 

— 

Vdc 

Reverse Current 
(Vr = 50 Vdc) 

iR 

— 

0.1 

IjlA6c 

Forward Voltage 
(Ip = 10 mAdc) 

Vf 

— 

1.0 

Vdc 

Capacitance 
(Vr = 0) 

C 

— 

3.0 

PF 

Reverse Recovery Time 

(Ip = Ir = 10 mAdc, Vr = 5.0 Vdc, irr = 1-0 mAdc) 

trr 

— 

100 

ns 


5 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


5-61 







MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

70 

Vdc 

Peak Forward Recurrent Current 

If 

200 

mA 

Peak Forward Surge Current 
(Pulse Width = 10 /xs) 

iFM(surge) 

500 

mA 

Total Device Dissipation @ Ta = 25°C 

Pd(i) 

625 

mW 

Derate above 25°C 


5.0 

mW°C 

Operating and Storage Junction 
Temperature Range 

Tj, Tstgd) 

— 55 to +135 

°C 


IVISD6150 


CASE 29-04, STYLE 4 
TO-92 (TO-226AA) 




Cathode 1 2 Cathode 


DUAL DIODES 
COMMON ANODE 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Breakdown Voltage 
(l(BR) = 100 fiAdc) 

V(BR) 

70 

— 

— 

Vdc 

Reverse Current 
(Vr = 50 Vdc) 

Ir 

— 

— 

0.1 

)xAdc 

Forward Voltage 
(Ip = 10 mAdc) 

Vf 

— 

0.80 

1.0 

Vdc 

Capacitance 
(Vr = 0) 

c 

— 

5.0 

8.0 

PF 

Reverse Recovery Time 

(Ip = Ir = 10 mAdc, Vr = 5.0 Vdc, irr = 1.0 mAdc) 

trr 

— 

— 

100 

ns 


(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Pd = 1.0 W @ Tq = 25°C, Derate 
above 8.0 mW/°C, Pq = 10 W @ Tc = 25°C, Derate above 80 mW/°C, Tj, Tgtg = -55 to +150°, ^jc = 12.5°C/W, ^ja = 125°C. 
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SILICON EPICAP DIODES 


. . . designed for FM tuning, general frequency control and tuning, or any 
top-of-the-line application requiring back-to-back diode configurations for 
minimum signal distortion and detuning. This device is supplied In the pop- 
ular TO-92 plastic package for high volume, economical requirements of 
consumer and Industrial applications. 

• High Figure of Merit — 

Q = 140 (Typ) @ Vr = 3.0 Vdc, f = 100 MHz 

• Guaranteed Capacitance Range 

37-42 pF @ Vr = 3.0 Vdc (MV104) 

• Dual Diodes — Save Space and Reduce Cost 

• TO-92 Package for Easy Handling and Mounting 

• Monolithic Chip Provides Near Perfect Matching — Guaranteed ±1% 

(Max) Over Specified Tuning Range 

MAXIMUM RATINGS (Each Device) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 
(Ir = 10 ^Adc) 

V{BR)R 

32 

— 

— 

Vdc 

Reverse Voltage Leakage Current Ta = 25°C 
(Vr = 30 Vdc) Ta = 60°C 

Ir 

— 

— 

50 

500 

nAdc 

Diode Capacitance Temperature Coefficient 
(Vr = 4.0 Vdc, f = 1.0 MHz) 

TCc 

— 

280 

400 

ppm/°C 



Cj, Diode Capacitance 

Vr = 3.0 Vdc, f = 1.0 MHz 
pF 

*Q, Figure of Merit 

Vr = 3.0 Vdc 
f = 100 MHz 

Cr, Capacitance Ratio 
C 3 /C 30 
f = 1.0 MHz 

Device 

Min 

Max 

Min 

Typ 

Min 

Max 

MV104 

37 

42 

100 

140 

2.5 

2.8 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

32 

Volts 

Forward Current 

'f 

200 

mA 

Total Power Dissipation @ Ta = 25°C 

Pf 

280 

mW 

Derate above 25°C 


2.8 

mW/°C 

Junction Temperature 

TJ 

+ 125 

X 

Storage Temperature Range 

Istg 

— 55 to +150 

°C 


MV104 

CASE 29-04, STYLE 15 
(TO-226AA) 



3 PinzTc 


DUAL 

VOLTAGE-VARIABLE 
CAPACITANCE DIODES 


FIGURE 1 — DIODE CAPACITANCE (Each Device) 



0 3 0.5 1 0 2 0 3 0 5 0 10 20 30 

Vr, reverse VOLTAGE (VOLTS) 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 








MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


5-64 




MV105G For Specifications, See MMBV109L 
MV409 For Specifications, See MMBV409L 

SILICON HYPER-ABRUPT TUNING DIODES 

. . . designed with high capacitance and a capacitance change of greater 
than TEN TIMES for a bias change from 2.0 to 10 volts. Provides tuning 
over broad frequency ranges; tunes AM radio broadcast band, general AFC 
and tuning applications in lower RF frequencies. 

• High Capacitance: 120-550 pF 

• Large Capacitance Change with Small Bias Change 

• Guaranteed High Q 

• Available in Standard Axial Glass Packages 

• H Suffix Devices with 100% Screening 

MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Reverse Breakdown Voltage 
(Ir = 10 fjuAcic) 

V(BR)R 

12 

— 

— 

Vdc 

Leakage Current at Reverse Voltage 
(Vr - 10 Vdc, Ta = 25°C) 

•r 

— 

— 

0.1 

/i-Adc 

Series Inductance 

(f = 250 MHz, Lead Length - 1/16") 

LS 

— 

5.0 


nH 

Case Capacitance 

(f = 1.0 MHz, Lead Length == 1/16") 


— 

0.25 


pF 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

Vr 

12 

Volts 

Forward Current 

If 

250 

mA 

Device Dissipation @ Ta = 25°C 

Pd 

400 

mW 

Derate above 25°C 


2.67 

mW/X 

Junction Temperature 

Tj 

+ 175 

X 

Storage Temperature Range 

'''stg 

-65 to +200 

X 


IVIV1401, H 
IVIV1403, H 
IVIV1404, H 
IVIV1405, H 


M VI 403, H 
M VI 404, H 

MV1405, H / CASE 51-02 
(DO-204AA) 




MV1401, H 


CASE 146-01 
(DO-204AB) 


120-550 pF 
12 VOLTS 

HIGH TUNING RATIO 
VOLTAGE-VARIABLE 
CAPACITANCE DIODES 



Cj, Diode Capacitance 

Q, Figure of Merit 

TR, Tuning Ratio 

Vr = 1.0 Vdc,f = 
pF 

1.0 MHz 

Vr = 2.0 Vdc, f = 
pF 

1.0 MHz 

Vr = 2.0 Vdc, 
f = 1.0 MHz 

Ci/Cio 
f = 1.0 MHz 

C 2 /C 10 

f = 1.0 MHz 

Device 

Min 

Nom 

Max 

Min 

Nom 

Max 

Min 

Min 

Min 

MV1401, H 

468 

550 

633 

— 

— 

— 

200 

14 

_ 

MV1403, H 

— 

— 

— 

140 

175 

210 

200 

— 

10 

M VI 404, H 

— 

— 

— 

96 

120 

144 

200 

— 

10 

MV1405, H 

— 

— 

— 

200 

250 

300 

200 

— 

10 


FIGURE 1 — DIODE CAPACITANCE versus 
REVERSE VOLTAGE 



1 2 3 4 5 6 7 8 9 10 

Vr, reverse voltage (VOLTS) 
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MV1401,H MV1403,H MV1404,H MV1405,H 


100% SCREENING FOR HIGH RELIABILITY 

MV1401H, MV1403H, MV1404H, MV1405H are screened with the 
following tests: 

Internal Visual Inspection 

per 12M53957B (MIL-STD-750 METHOD 2073 PARAGRAPH 3.3 
AND METHOD 2074 PARAGRAPH 3.1.3) 

High Temperature Storage 
Ta- 200°a t^48 hours 
Thermal Shock (Temperature Cycling) 

MIL-STD-202, Method 107, Condition C except 10 cycles 
continuously performed 
t(extremes)= 15 minutes 
Constant Acceleration 
MIL-STD-750, Method 2006 
20,000 G's (Y1 axis only) 

Hermetic Seal 
MIL-STD-750, Method 1071 
Fine Leak - Condition G 
Gross Leak - Condition D, Step 1 
Electrical Test 
Ir and Cj 

High Temperature Reverse Bias 

Ta = 120°C ± 5°C, 96 hours 

Vr = 80% of V(BR)R MIN 

Lower temperature till Ta = 30±5°C. 

Maintain this temperature prior to removal of Reverse Bias 
Voltage. Perform Electrical Test within 24 hours following 
bias removal. 

Electrical Test 
Ir and Cj 


PARAMETER TEST METHODS 

1. Ls, SERIES INDUCTANCE 

Lg IS measured on a shorted package at 250 MHz using an 
impedance bridge (Boonton Radio Model 250A RX Meter). 

2. Cc, CASE CAPACITANCE 

Cc is measured on an open package at 1 .0 MHz using a capaci- 
tance bridge (Boonton Electronics Model 75A or equivalent). 

3. Cj. DIODE CAPACITANCE 

(Cj = Cc + Cj) Cj is measured at 1 .0 MHz using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent). 

4. TR. TUNING RATIO 

TR is the ratio of Cj measured at 2.0 Vdc (1 .0 Vdc for MV 1401 ) 
divided by Cj measured at 10 Vdc. 

5. Q, FIGURE OF MERIT 

Q is calculated by taking the G and C readings of an admittance 
bridge at the specified frequency and substituting in the follow- 
ing equation; 



(Boonton Electronics Model 33AS8). Use Lead Length 1 /1 6". 
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IVIV2101 thru MV2115 For Specifications, 

See MMBV2101L 


SILICON TUNING DIODES 

. . . designed for electronic tuning of AM receivers and high capacitance, 
high tuning ratio applications. 

• High Capacitance Ratio — Cr = 15 (Min), 

MVAM108, 115, 125 

• Guaranteed Diode Capacitance — Ct = 440 pF (Min) — 

560 pF (Max) (o) Vr = 1.0 VDc, f = 1.0 MHz, MVAM108, MVAM115, 
MVAM125 

• Guaranteed Figure of Merit — 

Q = 150 (Min) @ Vr = 1.0 Vdc, f = 1.0 MHz 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Reverse Voltage 

MVAMIOS 

Vr 

12 

Volts 


MVAM109 


15 



MVAM115 


18 



MVAM125 


28 


Forward Current 

If 

50 

mA 

Power Dissipation @ Ta = 

25°C 

Pd 

280 

mW 

Derate above 25°C 



2.8 

mW/°C 

Operating and Storage Junction 

Tj, Tstg 

-55 to +125 

X 

Temperature Range 





MVAMIOS 

MVAIVI109 

MVAIVIllS 

MVAIVI125 

CASE 182-02, STYLE 1 
(TO-226AC) 



2 0 IH O 1 

Cathode Anode 

TUNING DIODES 
WITH VERY HIGH 
CAPACITANCE RATIO 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted. Each Device) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Breakdown Voltage 


V(BR)R 




Vdc 

(Ir = 10 fiAdc) 

MVAMIOS 

12 

— 

— 



MVAM109 


15 

— 

— 



MVAM115 


18 

— 

— 



MVAM125 


28 

— 

— 


Reverse Current 


Ir 




nAdc 

(Vr = 8.0 V) 

MVAMIOS 


— 

— 

100 


(Vr = 9.0 V) 

MVAM109 


— 

— 

100 


(Vr = 15 V) 

MVAM115 


— 

— 

100 


(Vr = 25 V) 

MVAM125 


— 

— 

100 


Diode Capacitance Temperatujre Coefficient (1) 


TCc 

— 

435 

— 

ppm/X 

(Vr = 1.0 Vdc, f = 1.0 MHz, Ta = -40X to +85X) 







Case Capacitance 


cc 

— 

0.18 

— 

pF 

(f = 1.0 MHz, Lead Length 1/16") 


1 





Diode Capacitance (2) 


Ct 




pF 

(Vr = 1.0 Vdc, f = 1.0 MHz) MVAMIOS, 115, 125 


440 

500 

560 



MVAM109 


400 

460 

520 


Figure of Merit 


Q 

150 

— 

_ 

_ 

(f = 1.0 MHz, Lead Length 1/16", Vr = 1.0 Vdc) 







Capacitance Ratio 






— 

(f = 1.0 MHz) 

MVAMIOS 

C1/C8 

15 

— 

— 



MVAM109 

C1/C9 

12 

— 

— 



MVAM115 

C1/C15 

15 

— 

— 



MVAM125 

C1/C25 

15 

— 

— 



NOTES: 


1. The effect of increasing temperature 1.0°C, at any operating point, is equivalent to lowering the effective tuning voltage 1.25 mV. The percent change of 
capacitance per °C is nearly constant from -40°C to -I-IOOX. 

2. Upon request, diodes are available in matched sets. All diodes in a set can be matched for capacitance to 3% or 2.0 pF (whichever is greater) at all points 
along the specified tuning range. 
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Tape and Reel 
Specifications 
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Embossed Tape and Reel 

Embossed Tape and Reel is used to facilitate automatic pick and place 
equipment feed requirements. The tape is used as the shipping container 
for various products and requires a minimum of handling. The antistatic/ 
conductive tape provides a secure cavity for the product when sealed with 
the "peel-back" cover tape. 

• Two Reel Sizes Available (7" and 13") 

• Used For Automatic Pick and Place Feed Systems 

• Minimizes Product Handling 

• EIA481 

• MLL-34, SOT-23, SOT-143 in 8 mm Tape 

• MLL-41, SO-8, SOT-89, SOT-223 in 12 mm Tape 

• DPAK, SO-14, SO-16 in 16 mm Tape 

Ordering Information 

Use the standard device title and add the required suffix as listed in the 
option table below. Note that the individual reels have a finite number of 
devices depending on the type of product contained in the tape. Also note 
the minimum lot size is one full reel for each line item, and orders are 
required to be in increments of the single reel quantity. Minimum order 
$200.00/rme-line. 


Tape and Reel 
Data for 
Discrete 
Surface Mount 
Devices 



PACKAGES 
MLL-34 SO-8 
MLL-41 SO-14 
SOT-23 SO-16 
SOT-143 DPAK 


SOT-23 SOT-143 MLL-34 

8 mm 8 mm 8 mm 



MLL-41 

12 mm 



SO-8, 14, 16 

12, 16 mm 



DPAK 

16 mm 


ooooooo ooooooo 


O OI OI o 


DIRECTION 
OF FEED 






Tape & Reel 

— 


Tape Width 

Device 

Reel Size 

Lot Size 

Device 

Package 

(mm) 

per Reel 

(inch) 

(Min) 

Suffix 

SOT-23 

8 

3,000 

7 

3,000 

T1 

8 

10,000 

13 

10,000 

T3 

SOT- 143 

8 

3,000 

7 

3,000 

T1 

8 

10,000 

13 

10,000 

T3 

MLL-34 

8 

2,000 

7 

2,000 

T1 

8 

5,000 

13 

5,000 

T3 

MLL-41 

12 

1,000 

7 

1,000 

T1 

12 

5,000 

13 

5,000 

T3 

SO-8 

12 

500 

1 

500 

R1 

12 

2,500 

13 

2,500 

R2 

SOT-89 

12 

IK 

7 

IK 

T1 

4K 

13 

4K 

T3 

SOT-223 

12 

IK 

7 

IK 

- 

4K 

13 

4K 

— 

SO-14 

16 

500 

7 

500 

R1 

16 

2,500 

13 

2,500 

R2 

SO-16 

16 

500 

7 

500 

R1 

16 

2,500 

13 

2,500 

R2 

DPAK 

16 

1,800 

13 

1,800 

RL 
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TAPE AND REEL DATA FOR DISCRETE SMD 


CARRIER TAPE SPECIFICATIONS 


10 PITCHES 



ALLOWABLE CAMBER TO BE 1 mm/100 mm NONACCUMULATIVE OVER 250 mm 


DIMENSIONS 


Tape 

Size 

B<| Max 

D 

Dl 

E 

F 

K 

P 

Po 

P2 

RMin 

TMax 

W 

8 mm 

4.2 mm 
(.165") 

1, 5 + 0.1 mm 
-0.0 

(.059 + .004" 
-0.0) 

1.0 ± 0.1 mm 
Min 
(.039") 

1.75 + 0.1 mm 
(.069 + .004") 

3.5 + 0.05 mm 
(.138 + .002") 

2.4 mm Max 
(.094") 

4.0 + 0.1 mm 
(.157 + .004") 

4.0 + 0.1 mm 
(.157 + .004") 

2.0 + 0,1 mm 
(.079 + .002") 

25 mm 
(.98") 

0,400 mm 
(.016") 

8.0 + .30 mm 
(.315 + .012") 

12 + .30 mm 
(.470 + .012") 

12 mm 

8.2 mm 
(.323") 

1.5 mm Min 
(.060") 

5.0 +0.05 mm 
(217 + .002") 

4.5 mm Max 
(.177") 

4.0 + 0.1 mm 
(.157 + .004") 

8.0 + .01 mm 
(.31 5 + .004") 

25 mm 
(1.18") 


16 mm 

12,1 mm 
(.476") 

7.5 + 0.10 mm 
(.295 + .004") 

6.5 mm 
(.256") 

4.0 + 0.1 mm 
(.157 + .004") 

8.0 + .01 mm 
(.31 5 + .004") 

12.0 +.004 mm 
(.472 + .004") 

2.0 + .010 mm 
(.079 + .004") 

40 mm 
(1.575") 

16 + .30 mm 
(.630 + .01 2") 


Metric Dimensions Govern — English are in parentheses for reference only. 


NOTE 1: Aq, Bq, and Kg are determined by component size. The clearance between the components and the cavity must be within .05 min. to .50 
max., the component cannot rotate more than 10° within the determined cavity. 
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TAPE AND REEL DATA FOR DISCRETE SMD 
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TO-92 EIA 
Radial Tape Reel 
or Ammo Pack 


Radial tape reel and ammo pack of the reliable TO-92 package are the 
best methods of capturing devices for automatic Insertion In printed circuit 
boards. These methods of taping are compatible with various equipment for 
active and passive component insertion. 

• Available on 360 mm Reels 

• Available in Ammo Pack (Fan Fold Box) 

• Accommodates Various Inserters 

• Allows Flexible Circuit Board Layout 

• 2.5 mm Pin Spacing For Soldering 

• Conforms to EIA ACP Standard 1375 (RS-468) 


Ordering Notes: 

When ordering radial tape on reel or in ammo pack, specify the style per 
Figures 3 thru 8. Add the suffix "RLR" and "Style" to the device title, i.e. 
MPS3904RLRA. This will be a standard MPS3904 radial taped and supplied 
on a reel per Figure 3. 

Reel Information — Minimum order quantity 1 Reel/$200LL. 

Order in increments of 2000. 

Ammo Pack Information — Minimum order quantity 1 Box/$200LL. 

Order in increments of 2000. 


TO-92 EIA 
RADIAL 
TAPE REEL 
OR 

AMMO 

PACK 




NOTES: 

1. CONTOUR OF PACKAGE BEYOND ZONE "P" IS 
UNCONTROLLED. 

2. DIM "F" APPLIES BETWEEN "H" AND "L". DIM 
"D" & "S" APPLIES BETWEEN T" & 12.70mm 
(0.5") FROM SEATING PLANE LEAD DIM IS 
UNCONTROLLED IN "H" & BEYOND 12 70mm 
(0.5") FROM SEATING PLANE. 

3. CONTROLLING DIM; INCH. 


CASE 29-04 
TO-226AC 
(TO-92) 


— 

DIM 

MILLIN 

ETERS 

INC 

RES 

MIN 

MAX 

MIN 

MAX 

A 

4.32 

5.33 

0.170 

0.210 


4.45 

5.20 

0.175 

0.205 

C 

3.18 

4.19 

0.125 

0.165 

D 

0.41 

0.55 

0.016 

0.022 

F 

041 

0.48 

0.016 

0.019 

G 

1.15 

1.39 

0.045 

0.055 

H 

_ 

2.54 

— 

0.100 

J 

2.42 

2.66 

0.095 

0.105 

K 

12.70 

_ 

0.500 

_ 

L 

6.35 

_ 

0.250 

_ 

N 

2.04 

2.66 

0.080 

0.105 

P 

2.93 

— 

0.115 

_ 

R 

3.43 

— 

0.135 

— 

S 

0.39 

0.50 

0.015 

0.020 


6 
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TO-92 EIA RADIAL TAPE REEL OR AMMO PACK 


Figure 1. Device Positioning on Tape 





'i 

i , 


Symbol 

Item 

Specification 

Inches 

Millimeter 

Min 

Max 

Min 

Max 

A 

Component Body Height 

0.170 

0.210 

4.32 

5.33 

B 

Component Body Width 

0.125 

0.165 

3.18 

4.19 

C 

Component Body Length along Tape 

0.1748 

0.2052 

4.44 

5.21 

D 

Tape Feedhole Diameter 

0.145 

0.1693 

3.7 

4.3 

D1 

Component Lead Width Dimension 

0.016 

0.022 

0.41 

0.56 

D2 

Component Lead Thickness Dimension 

0.015 

0.020 

0.38 

0.51 

FI, F2 

Component Lead Pitch 

0.0945 

0.110 

2.4 

2.8 

H 

Bottom of Component to Seating Plane 

0 

0.0985 

0 

2.5 

HI 

Feedhole Location 

0.3346 

0.3741 

8.5 

9.5 

H2A 

Deflection Left or Right 

0 

0.039 

0 

1 

H2B 

Deflection Front or Rear 

0 

0.051 

0 

1.3 

H3 

Feedhole to Overall Component Height 

0 

1.2600 

0 

32 

H4 

Feedhole to Bottom of Component 

0.7086 

0.768 

18 

19.5 

H5 

Feedhole to Seating Plane 

0.610 

0.649 

15.5 

16.5 

L 

Defective Unit Clipped Dimension 

0.3346 

0.433 

8.5 

11 

LI 

Lead Wire Enclosure 

0.09842 

— 

2.5 

— 

P 

Feedhole Pitch 

0.4921 

0.5079 

12.5 

12.9 

PI 

Feedhole Center to Center Lead 

0.2342 

0.2658 

5.95 

6.75 

P2 

First Lead Spacing Dimension 

0.1397 

0.1556 

3.55 

3.95 

T 

Adhesive Tape Thickness 

0.06 

0.08 

0.15 

0.20 

T1 

Overall Taped Package Thickness 

— 

0.0567 

— 

1.44 

T2 

Carrier Strip Thickness 

0.014 

0.027 

0.35 

0.65 

W 

Carrier Strip Width 

0.6889 

0.07481 

17.5 

19 

W1 

Adhesive Tape Width 

0.2165 

0.2841 

5.5 

6.3 

W2 

Adhesive Tape Position 

- 

0.01968 

- 

0.5 


NOTES: 

1. Maximum alignment deviation between leads not to be greater than 0.2 mm. 

2. Defective components shall be clipped from the carrier tape such that the remaining protrusion (L) does not exceed a maximum of 11 mm. 

3. Component lead to tape adhesion must meet the pull test requirements established in Figures 10, 11 and 12. 

4. Maximum non-cumulative variation between tape feed holes shall not exceed 1 mm in 20 pitches. 

5. Holddown tape not to extend beyond the edge(s) of carrier tape and there shall be no exposure of adhesive. 

6. No more than 3 consecutive missing components is permitted. 

7. A tape trailer, having at least three feed holes is required after the last component. 

8. Splices shall not interfere with the sprocket feed holes. 
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TO-92 EIA RADIAL TAPE REEL OR AMMO PACK 



REEL STYLES 


Figure 2. Reel Specifications 


ARBOR HOLE DIA. 
30.5 mm ± 0.25 mm 


MARKING NOTE 
SEE FIGURE 13 


\ CORE DIA. 

\ 82 mm ± 1 mm 

\_L 


RECESS DEPTH 
9.5 mm MIN 


HUB RECESS 
76.2 mm ± 1 mm 


360 mm + 3, - 0 mm - 

I 


Material used must not cause deterioration of components or degrade lead solderability. 


Figure 3. Style A 


Figure 4. Style B 


ADHESIVE TAPE 


ADHESIVE TAPE ON REVERSE SIDE 


CARRIER STRIP FLAT SIDE 
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TO-92 EIA RADIAL TAPE REEL OR AMMO PACK 


AMMO PACK STYLES 


Figure 7. Style M 


Figure 8. Style P 


Figure 9. Ammo Pack Dimensions 



Style M ammo pack is equivalent to 
Styles E and F of reel pack dependent 
on feed orientation from box. 



Style P ammo pack Is equivalent to 
Styles A and B of reel pack dependent 
on feed orientation from box. 



ADHESION PULL TESTS 


Figure 10. Test #1 


Figure 11. Test #2 


Figure 12. Test #3 


500 GRAM PULL FORCE 



The component shall not pull free with 
a 300 gram load applied to the leads 
for 3 ± 1 second. 


The component shall not pull free with 
a 70 gram load applied to the leads for 
3 ± 1 second. 


There shall be no deviation in the 
leads and no component leads shall 
be pulled free of the tape with a 500 
gram load applied to the component 
body for 3 ± 1 second. 


Figure 13. Marking for Reel/Ammo Pack Figure 14. TO-92 Tape and Reel Shipping Container 
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TO-92 Tape Reel Pro Electron 

Radial tape reel and ammo pack of the reliable TO-92 package are the 
best methods of capturing devices for automatic insertion in printed circuit 
boards. These methods of taping are compatible with various equipment 
for active and passive component insertion. 

• Available on 365 mm Reels 

• Available in Ammo Pack (Fan Fold Box) 

• Accommodates Various Inserters 

• Allows Flexible Circuit Board Layout 

• 2.5 mm Pin Spacing for Soldering 

• Conforms to El A ACP Standard 1375 (RS-468)* 

*EIA ACP reel diameter 360 mm. Motorola is 365 mm. 

When ordering radial type ON REEL specify the style per Figure 4. Add 
the suffix to the device title, i.e. BC237ARL1. This will be a standard 
BC237A radial taped and supplied on a reel per RL1 option. 


TO-92 
Tape Reel 
and 

Lead Forming 




B 

rA 



NOTES: 

1. CONTOUR OF PACKAGE BEYOND ZONE "P" IS 
UNCONTROLLED 

2. DIM "F" APPLIES BETWEEN "H" AND "L". DIM 
"D" & "S" APPLIES BETWEEN "L" & 12.70mm 
10.5") FROM SEATING PLANE. LEAD DIM IS 
UNCONTROLLED IN "H" & BEYOND 12,70mm 
(0.5") FROM SEATING PLANE. 

3. CONTROLLING DIM: INCH. 


CASE 29-04 
TO-226AC 
(TO-92) 


DIM 

MILLIN 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

4.32 

5.33 

0.170 

0.210 

B 

4.45 

5.20 

0.175 

0.205 

C 

3.18 

4.19 

0.125 

0.165 

D 

0.41 

0.55 

0.016 

0.022 

F 

0.41 

0.48 

0.016 

0.019 

G 

1.15 

1.39 

0.045 

0.055 

H 

_ 

2.54 

_ 

0.100 

J ’ 

2.42 

2.66 

0.095 

0.105 

K 

12.70 

— 

0.500 

_ 

L 

6.35 

— 

0.250 

— 

N 

2.04 

2.66 

0.080 

0.105 

P 

2.93 

— 

0.115 

— 

R 

3.43 

— 

0.135 

— 

S 

0.39 

0.50 

0.015 

0.020 
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T0 92 TAPE REEL AND LEAD FORMING (PRO ELECTRON) 


Figure 1. Taping Procedure 



Symbol 

Item 

Specification 

Remarks 

Min 

mm 

Max 

mm 

D 

Tape Feed Hole Diameter 

3.7 

4.3 


F 

Overall Component Lead Pitch 

4.8 

5.8 


FI 

Component Lead Pitch 

2.4 

2.9 


H 

Height of Seating Plane 

15.5 

16.5 

Note 2 

HI 

Feed Hole Location 

8.5 

9.75 

Notes 9 & 10 

H2A, B 

Deflection Front or Rear, Left or Right 

0 

1.0 

Note 1 

H3 

Feed Hole to Bottom of Component 

18 

19 


L 

Lead Length After Component Removal 

0 

11 

Notes 3 & 8 

LI 

Lead Wire Enclosure 

2.5 

— 

Note 4 

P 

Feed Hole Pitch 

12.4 

13 

Note 5 

PI 

Feed Hole — Component Centre Distance 

5.95 

6.75 


P2 

Feed Hole — First Lead Distance 

3.02 

4.35 


P3 

Component Centre Pitch 

11.7 

13.7 


T 

Total Tape Thickness 

0.5 

0.9 


T1 

Overall Taped Package Thickness 

— 

1.44 

Note 6 

T2 

Carrier Tape Thickness 

0.38 

0.68 

Note 6 

W 

Overall Tape Width 

17.5 

19 

Note 7 

W1 

Holddown Tape Width 

5.7 

6.3 

Note 7 

W2 

Holddown Tape Position 

0 

0.5 

Note 7 


Notes: 

1. Maximum alignment deviation between leads not to be greater than 0,2 mm. 

2. As illustrated, the clearance to the lead standoff form shall be defined to the point of radius for the standoff form. 

3. Defective components shall be clipped from the carrier tape such that the remaining protrusion (L) does not exceed a maximum of 11 mm. 

4. Component lead to tape adhesion must meet the pull test requirements established in Figures 4, 5 and 6. 

5. Maximum non-cumulative variation between tape and feed holes shall not exceed 1.0 mm in 20 pitches. 

6. Overall taped package thickness, including component leads and tape splices shall not exceed 1.44 mm. 

7. Holddown tape not to extend beyond the edge(s) of carrier tape and there shall be no exposure of adhesive. 

8. No more than 3 consecutive missing components is permitted. 

9. A tape trailer having at least three feed holes is required after the last component. 

10. Splices shall not interfere with the sprocket feed holes. 
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TO-92 TAPE REEL AND LEAD FORMING (PRO ELECTRON) 


Figure 4. Ordering Notes 

1. Each package (AMMO and REEL) contains two thousand pieces; orders have to be a multiple of 2000. 

2. How to choose a style of Reel Winding? 

— Determine the pinout of the device (Style Number — see Product Data Sheet) 

— Determine with the customer which lead he wishes to see first when pulling the tape. 

— Match both Style Number and First Lead information to find compatible options (see table in Figure 4). 


TOP VIEW 


TAPE DIRECTION 



RL1 

ZL1(05) 


RL 


RL2 

ZL1(06) 


Style 

Pinning 

Bottom View 

First Lead Seen 

REEL Tape Option 

AMMO Pack Option 

RL1 

RL 

RL2 

ZL1(05)* 

ZL1(06)* 



Transistors 








1 

2 

3 






1 

E 

B 

C 

Collector 

Emitter 

Emitter 

Collector 

Emitter 

17 

C 

B 

E 

Emitter 

Collector 

Collector 

Emitter 

Collector 

2 

B 

E 

C 

Collector 

Base 

Base 

Collector 

Base 

14 

E 

C 

B 

Base 

Emitter 

Emitter 

Base 

Emitter 

21 

C 

E 

B 

Base 

Collector 

Collector 

Base 

Collector 



FETs 








1 

2 

3 






23 

G 

S 

D 

Drain 

Gate 

Gate 

Drain 

Gate 

5 

D 

S 

G 

Gate 

Drain 

Drain 

Gate 

Drain 

22 

S 

G 

D 

Drain 

Source 

Source 

Drain 

Source 

30 

D 

G 


Source 

Drain 

Drain 

Source 

Drain 


Example: 

BC237B with Emitter first lead from tape . . . (see Data Sheet for style) 

Style 17 gives RL1 option for Tape on REEL or AMMO Pack accessed from side 05. 
*ZL2 is the same as ZL1 except the unit at the fold is missing and each row is 24 units. 
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TO-92 TAPE REEL AND LEAD FORMING (PRO ELECTRON) 


Figure 5. Adhesion Pull Test 



The component shall not pull free with 
a 300 gram load applied to the leads for 
3 ± 1 second. 


Figure 6. Adhesion Pull Test No. 2 



FIXTURE 


The component shall not pull free with 
a 70 gram load applied to the leads for 
3 ± 1 second. 


Figure 7. Adhesion Pull Test No. 3 


500 GRAM PULL FORCE 



There shall be no deviation in the leads 
and no component leads shall be pulled 
free of the tape with a 500 gram load 
applied to the component body for 3 ± 
1 second. 


Marking Notes: 

1. Minimum container and reel marking shall consist of 
the following items: 

a. Motorola 

b. Customer Purchase Order Number 

c. Quantity 

d. Date of Reeling 

e. Motorola Part Number 

2. Where applicable, the following items will be 
included: 

a. Customer Part Number 

b. Device Date Code 

TO-92 LEAD FORMING 

Figure 8. Ordering Notes 

How to choose Lead Form option: 

1. Determine option either TO-18 or TO-5, see Dimen- 
sional Drawings 

*ldentify measurement between centres of the two 
outside leads: 
i.e. 2.5 mm for TO-18 
5.0 mm for TO-5 


2. Determine the pinout of the device (Style Number — 
see Product Data Sheet) 

3. Identify Drawing corresponding to Style Number (see 
Figures 8a and 8b). 

Example: 

BC237B configured TO-18. . . . 

See Data Sheet for Style Number 
Style 17 . . . Drawing Indicates Dimensions, and that posi- 
tion of Centre Lead is towards the round side of the prod- 
uct (towards the back) 

Order type: BC237B18 

Other Examples: 

P2N2222-18 P2N2222A18 

2N5551-5 BC488A18 

BC337-25-5 BC547C5 

Note: For reverse configurations, please consult the 
factory. 
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The following pages contain information on the various pack- 
ages referenced on the individual data sheets. Information 
includes: a picture of the package, dimensions in both millimeters 
and inches, the various pinout configurations (styles), a cross 
reference for case numbers, old JEDEC “TO” numbers, and the 
new JEDEC “TO” designation. 

Additionally, abstracts of available application notes are pro- 
vided. Please contact your local sales representative for those 
desired. 


Package Outline 
Dimensions and 
Application Literature 
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Package Outline Dimensions 

Dimensions are in inches unless otherwise noted. 



CASE 20 STYLES 


STYLE 1; STYLES: 

PINT SOURCE PINT SOURCE 

2. DRAIN 2, GATE 1 

3. GATE 3. DRAIN 

4 CASE LEAD 4. CASE 


STYLE 2: 

PIN 1. SOURCE 

2. GATE 

3. DRAIN 

4. SUBSTRATE AND 
CASE LEAD 

STYLE 3; 

PIN 1. DRAIN 

2. SOURCE 

3. GATE 

4. CASE LEAD 

STYLE 4: 

PINT SOURCE 

2. GATE 

3. DRAIN 

4. GATE 2- 
SUBSTRATE 
AND CASE 


STYLE 6: 

PIN 1. DRAIN 

2, SOURCE AND 
SUBSTRATE 

3, GATE 

4, SOURCE AND 
SUBSTRATE 


STYLE 7; 

PINT DRAIN 

2. SOURCE 

3. GATE 

4. CASE AND 
SUBSTRATE 

STYLES: 

PIN 1. EMITTER 2 

2. BASE 1 

3. COLLECTOR 

4. EMIHER 1 
BASE 2 



STYLE 9: 

PINT DRAIN 

2, GATE 2 

3, GATE 1 

4, SOURCE, 
SUBSTRATE 
AND CASE 


STYLE 10: 

PIN 1. EMIHER 

2. BASE 

3. COLLECTOR 

4. CASE 

STYLE 11; 

PIN 1, EMIHER 

2. CATHODE 

3. COLLECTOR 

4. ANODE 



All JEDEC notes and dimensions apply. 


CASE 22 STYLES 


STYLE 1: 

PINT EMITTER 

2. BASE 

3. COLLECTOR 

STYLE 2: 

PINT SOURCE, 
SUBSTRATE 
AND CASE 

2. GATE 

3. DRAIN 

STYLE 3: 

PINT SOURCE 
2. DRAIN 
3 GATE 

STYLE 4. 

PINT SOURCE 

2. DRAIN 

3. GATE AND 
CASE 

STYLE 5; 

PINT EMITTER 

2. BASE1 

3. BASE 2 


STYLE 6: 

PINT CATHODE 

2. GATE 

3. ANODE 

STYLE 7: 

PINT ANODE 

2. BASE 

3. CATHODE 


STYLE 8: 

PINT GATE 
2. ANODE 1 
3 ANODE 2 

STYLE 9: 

PIN 1. ANODE 2 

2. ANODE 1 

3. GATE 
(CONNECTED 
TO CASE) 

STYLE 10: 

PINT BASE 

2. EMITTER 

3. BASE 



STYLE 11: 

PINT DRAIN 

2 GATE 

3 SOURCE, 
SUBSTRATE 

STYLE 12: 

PINT SOURCE 

2. GATE 

3. DRAIN (CASE) 

STYLE 13: 

PINT ANODE 

2. GATE 

3. CATHODE 




CASE 27-02 TO-52 (TO-206AC) METAL 




STYLET 
PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 

STYLE 2: 

PIN 1 DRAIN 

2. SOURCE 

3. GATE & CASE 

STYLE 3: 

PIN 1. EMITTER 

2. BASE 

3. BASE 2 


All JEDEC dimensions and notes apply. 


NOTE. 

1 ALL RULES & NOTES ASSOCIATED WITH TO-52 
OUTLINE SHALL APPLY. 


STYLE 4: 

PINT SOURCE 

2. DRAIN 

3. GATE & CASE 

STYLE 5. 

PIN (.SOURCE 

2. GATE 

3. DRAIN & CASE 3 


DIM 

MILLIM 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

5.31 

5.84 

0.209 

0.230 

B 

4.52 

4,95 

0.178 

0,195 

C 

2.92 

3,81 

0.115 

0.150 

D 

_ 

0.533 

_ 

0.021 

E 

— 

0.762 

_ 

0030 

F 

0.406 

0.483 

0.016 

0.019 

G 

2.54 BSC 

0.100 

iBSC 

H 

0.914 

1.17 

0.036 

0.046 

J 

0.711 

1.22 

0028 

0.048 

K 

1270 

_ 

0.600 

- 

L 

6.35 

_ 

0.250 

_ 

M 

45° BSC 

45° 

BSC 

N 

1.27 BSC 

0.05C 

IBSC 

P 

1 1.27 

- 

1 0.050 
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PACKAGE OUTLINE DIMENSIONS (continued) 



CASE 29 STYLES 


STYLE 1: STYLE 7: 

PIN 1. EMITTER PIN 1. SOURCE 

2. BASE 2. DRAIN 

3. COLLECTOR 3. GATE 

STYLE 2: STYLE 8: 

PIN 1. BASE PIN 1. DRAIN 

2. EMMITTER 2. GATE 

3. COLLECTOR 3. SOURCE & 

STYLE 3: SUBSTRATE 

PINT ANODE STYLES: 

2. ANODE PIN 1. BASE 1 

3. CATHODE 2. EMITTER 

STYLE 4: 3. BASE 2 

PIN 1. CATHODE STYLE 10: 

2. CATHODE PIN 1. CATHODE 

3. ANODE 2. GATE 

STYLE 5: 3. ANODE 

PINT DRAIN STYLE 11: 

2. SOURCE PIN 1, ANODE 

3. GATE 2. CATHODE & 

STYLE 6: ANODE 

PIN 1. GATE 3. CATHODE 

2. SOURCE & STYLE 12: 

SUBSTRATE PIN T MAIN TER 1 

3. DRAIN 2. GATE 

3. MAIN TER 2 


STYLE 13: STYLE 20: 

PINT ANODE 1 PINT NOT CONN 

2. GATE 2. CATHODE 

3. CATHODE 2 3. ANODE 

STYLE 14: STYLE 21: 

PINT EMITTER PIN 1. COLLECTOR 

2. COLLECTOR 2. EMIHER 

3. BASE 3. BASE 

STYLE 15: STYLE 22: 

RN 1, ANODE 1 PIN 1. SOURCE 

2. CATHODE 2. GATE 

3. ANODE 2 3. DRAIN 

STYLE 16: STYLE 23: 

PIN 1. ANODE PIN 1. GATE 

2- gate 2. SOURCE 

3. CATHODE 3. DRAIN 

STYLE 17- STYLE 24' 

PIN 1. COLLECTOR PIN 1. EMITTER 

2. BASE - 2. COLLECTOR/ 

3. EMITTER ANODE 

STYLE 18: 3. CATHODE 

PINT ANODE STYLE 25: 

2. CATHODE PINTMT1 

3. NOT CONN 2. GATE 

STYLE 19: 3, MT 2 

PINT GATE STYLE 26: 

2. ANODE PIN 1 Vcc 

3. CATHODE 2. GROUND 

3. OUTPUT 


STYLE 27: 

PIN 1. MT 

2. SUBSTRATE 

3. MT 
STYLE 28: 

PIN 1. CATHODE 

2. ANODE 

3. GATE 
STYLE 29: 

RNT NOT CONN 

2. ANODE 

3. CATHODE 
STYLE 30: 

PIN 1. DRAIN 

2. GATE 

3. SOURCE 
STYLE 31: 

PIN 1. GATE 

2. DRAIN 

3. SOURCE 





NOTES. 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2 CONTROLLING DIMENSION: INCH. 

3 DIMENSION J MEASURED FROM DIMENSION A 
MAXIMUM 

4 DIMENSION B SHALL NOT VARY MORE THAN 0.25 
(0.010) IN ZONE R THIS ZONE CONTROLLED FOR 
AUTOMATIC HANDLING. 

5. DIMENSION F APPLIES BETWEEN DIMENSION P 
AND L. DIMENSION D APPLIES BETWEEN 
DIMENSION L AND K MINIMUM. LEAD DIAMETER 
IS UNCONTROLLED IN DIMENSION P AND 
BEYOND DIMENSION K MINIMUM 


STYLE 5 

PIN 1 COLLECTOR 

2 BASE 

3 EMITTER 


STYLES. 

PIN 1 SOURCE 

2 GATE 

3 DRAIN 
(CASE) 

STYLE 7 
PIN 1 DRAIN 
2 GATE 
3. SOURCE 


STYLE 8 
PIN 1 ANODE 

2 ANODE 

3 CATHODE 

STYLE 9 
PIN 1 SOURCE 

2 DRAIN 

3 GATE 

STYLE 10 
PIN 1 COLLECTOR 

2 EMIHER 

3 BASE 


7 
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PACKAGE OUTLINE DIMENSIONS (continued) 


CASE 182-02 TO-92 (TO-226AC) PLASTIC 


NOTES 

1 CONTOUR OF PACKAGE BEYOND ZONE P IS 
UNCONTROLLED 

2 DIMENSION F APPLIES BETWEEN H AND L 
DIMENSION D AND S APPLIES BETWEEN L AND 
1270mm 10 5'T FROM SEATING PLANE LEAD 
DIMENSION IS UNCONTROLLED IN H AND 
BEYOND 12 70mm (0 5"l FROM SEATING PLANE 


if. .H 


STYLE 2 

PIN 1 CATHODE 
2 ANODE 

STYLE 3 

PIN 1 MAIN TERMINAL 1 
2 MAIN TERMINAL 2 



CASE 318-03 TO-236AB (SOT-23) PLASTIC 



MILUMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

4.32 

5.33 

0.170 

0.210 

B 

4.45 

5,21 

0.175 

0,205 

C 

3.18 

4.19 

0.125 

0.165 

D 

0.41 

0.56 

0.016 

0.022 

F 

0.407 

0.482 

0.016 

0.019 

G 

1.27 

BSC 

0.05C 

BSC 

H 


1.27 


0.050 

J 

2.54 

BSC 

0.10C 

IBSC 

K 

12.70 

_ 

0.500 

_ 

L 

6.35 

_ 

0.250 

_ 

N 

2.03 

2.66 

0.080 

0.105 

P 

i 2.93 

_ 

0.115 


R 

3.43 

_ 

0.135 

_ 

S 

0.36 

0.41 

0.014 

0.016 




NOTES. 

1. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 

2. CONTROLLING DIMENSION. INCH. 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

2.80 

3.04 

0,1102 

0.1197 

R 

1.20 

1.40 

0,0472 

0.0551 

C 

0.89 

1.11 

0,0350 

0,0440 

D 

0,37 

0,50 

0,0150 

0,0200 

F 

0,085 

0.130 

0.0034 

0.0051 

G 

1.78 

2,04 

0.0701 

0,0807 

H 

0.45 

0,60 

0,0177 

0.0236 

K 

0.013 

0.100 

0.0005 

0.0040 

L 

2.10 

2.50 

0,0830 

0 0984 

M 

0.45 

0,60 

0,0180 

0.0236 

N 

0.89 

1.02 

0,0350 

0.0401 



CASE 318 STYLES 


STYLE 6: 

PINT BASE 

2. EMITTER 

3. COLLECTOR 

STYLE 7: 

PINT EMITTER 
2. BASE 
3 COLLECTOR 

STYLE 8. 

PINT ANODE 

2, NO CONNECTION 

3. CATHODE 
STYLE 9: 

PINl ANODE 

2. ANODE 

3. CATHODE 

STYLE 10. 

PIN 1 DRAIN 

2. SOURCE 

3. GATE 


STYLE 11: 

PIN 1. ANODE 

2. CATHODE 

3. CATHODE-ANODE 

STYLE 12: 

PIN 1, CATHODE 

2. CATHODE 

3. ANODE 

STYLE 13: 

PIN 1. SOURCE 

2. DRAIN 

3, GATE 

STYLE 14: 

PIN 1. CATHODE 

2, GATE 

3. ANODE 

STYLE 15: 

PINT GATE 

2. CATHODE 

3, ANODE 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 


STYLE 16. 

PIN 1. ANODE 

2. CATHODE 

3. CATHODE 

STYLE 17: 

PINT NO CONNECTION 

2. ANODE 

3. CATHODE 

STYLE 18: 

PINT NO CONNECTION 

2. CATHODE 

3. ANODE 

STYLE 19: 

PIN 1. CATHODE 

2. ANODE 

3. CATHODE -ANODE 

STYLE 20: 

PIN 1 CATHODE 

2. ANODE 

3. GATE 

STYLE 21: 

PIN 1. GATE 

2. SOURCE 

3. DRAIN 


CASE 370-01 (FET DIP) PLASTIC 






NOTES; 

1. SURFACE "T" IS BOTH A DATUM AND SEATING 
PLANE. 

2. POSITIONAL TOLERANCE FOR LEADS; D DIM 4 PL 
I » 1 0.27 1.010)® I -T-1 a"^ 

LEADS; J DIM 4 PL 
I » I 0.27(0.010)®! -T- 1 B®] 


STYLET 
PIN 1. DRAIN 

2. GATE 

3. SOURCE 


3. DIMENSIONING AND TOLERANCING PER Y14.5M, 
1982. 

4. CONTROLLING DIMENSION: INCH 

5. DIMENSION "J" PRIOR TO SOLDER DIP PLATING 

MILLIMETERS INCHES ~ 
DIM ~ MIN MAX MIN MAX~ 

A 4.70 5.02 0.185 0.198 

B 6.10 7.11 0,240 0.280 

C 4.06 5.08 0.160 0.200 

D 0.38 0.63~ 0.015 O.o'^ 

G 2.54 BSC 0.100 BSC 

J 0.30 I 0.43~ 0.012 I 0.0l7~ 

K 2.79 I 3.81 ~ 0.110 I 0.l¥~ 

L 7.62 BSC 0.300 BSC 

M 0° I 15° ~ 0° I 1^ 

N 0.51 I 1.77 0.020 I 0.0~70~ 


CASE 606-04 TO-91 CERAMIC 



CASE 607-04 CERAMIC 



"• — 1-*- 1 — “ 

a— .——17= 


B 1 — 

Lr- ^ 

S]| 


STYLE 1, 

PINl COLLECTOR 

2 BASE 

3 EMITTER 

4 NOT CONNECTED 

5, EMITTER 

6, BASE 

7 COLLECTOR 

8 COLLECTOR 

9 BASE 

10 EMITTER 
11. NOT CONNECTED 
12 EMITTER 
13. BASE 
14 COLLECTOR 


NOTE: 

1. ALL RULES & NOTES ASSOCIATED WITH TO-91 
OUTLINE SHALL APPLY, 

2. LEADS WITHIN 0.25 mm (0.010) TOTAL OF TRUE 
POSITION AT MAXIMUM MATERIAL CONDITION 
(AT BODY) 


MILLIMETERS INCHES 
DIM MIN I MAX MIN I MA) 

A 6.10 7.36 0.240 0.29 


0.077 0.152 0.003 

1.15 I 1.39 I 0.045 I 


NOTES: 

1. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5M, 1982. 

2. CONTROLLING DIMENSION' INCH 

3. DIMENSIONS P DETERMINE ZONE WITHIN WHICH 
ALL BODY AND LEAD IRREGULARITIES LIE 



MILLIMETERS INCHES 
MIN max' MIN MAIT 

6.10 6.98 0.240 0,275 

6 10 6.98 0.240 0 275 

0,77 1.77 0,030 0.070 

0,26 0.48 0.010 0.019 

- 0,38~ - 0.^ 

1 27 BSC 0.050 BSC 

0 13 0.88 ~ 0.005 0.03r 

0 08 0 015 0.003 0 006 

6 35 - 0.250 - 

0,26 - 0.010 - 

4.45 4.95 _ 0. 175 0.195 

- 0 38’ 0015 

18.80 - 0 740 - 

7.62 8 38 ^ 0 300 0.330 
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PACKAGE OUTLINE DIMENSIONS (continued) 


CASE 607-05 CERAMIC 



STYLE 1 

PIN1 COLLECTOR 
2 BASE 
3. EMITTER 

4 NOT CONNECTED 

5 EMITTER 

6 BASE 

7 COLLECTOR 

8 COLLECTOR 

9 BASE 

10 EMITTER 

11 NOT CONNECTED 

12 EMITTER 

13 BASE 

14 COLLECTOR 


NOTES 

1 DIMENSIONING AND TOLERANCING 
PER ANSI Y14 5M, 1982 

2 CONTROLLING DIMENSION- INCH 

3. DIMENSIONS P DETERMINE ZONE WITHIN WHICH 
ALL BODY AND LEAD IRREGULARITIES LIE 



DIM 

MILLIIV 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

610 

6.60 

0.240 

0.260 

B 

6.10 

660 

0 240 

0.260 

C 

077 

177 

0030 

0.070 

D 

0.33 

0.48 

0.013 

0019 

F 

_ 

0.38 

_ 

0.015 

6 

127 

BSC 

0 05C 

BSC 

H 

030 

0 88 

0.012 

0.035 

J 

0.08 

0.15 

0 003 

0.006 

K 

6.35 

9.39 

0.250 

0 370 

L 

0.26 

_ 

0.010 

— 

P 

— 

0.38 

_ 

0.015 

S 

18.80 

— 

0.740 

_ 

V 

7.62 

8.38 

0.300 

0.330 


CASE 610A-04 CERAMIC 


STYLE 1: 

PIN 1. BASE 

2. EMITTER 

4. EMITTER 

5. BASE 

7. COLLECTOR 

9. COLLECTOR 



2. LEADS WITHIN 0.13 mm (0.005) TOTAL OF TRUE 
POSITION WITHIN "R" AT MAXIMUM MATERIAL 
CONDITION. 


CASE 620-09 (16-PIN DIP) CERAMIC 




CASE 632-08 MO-001AA {TO-116) CERAMIC 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2 CONTROLLING DIMENSION: INCH. 

3 DIMENSION L TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4, DIM F MAY NARROW TO 0.76 (0.030) WHERE THE 
LEAD ENTERS THE CERAMIC BODY 


|4 1 0.25 (0 010) ® 


STYLE 1: 

PIN 1. CATHODE 9. ANODE 

2. CATHODE 10. ANODE 

3. CATHODE 11. ANODE 

4. CATHODE 12. ANODE 

5. CATHODE 13. ANODE 

6. CATHODE 14. ANODE 

7. CATHODE 15. ANODE 

8. CATHODE 16. ANODE 



i 

^ J 

— JL— J 16 PL 

\ 

mV 


DIM 

MILLIM 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

19.05 

19.55 

0.750 

0.770 

B 

6.10 

7.36 

0.240 

0.290 

C 

_ 

4.19 

— 

0.165 

D 

0.39 

0.53 

0.015 

0.021 

E 

1.27 BSC 

0.050 BSC 

F 

1.40 1 177 

0.055 1 0.070 

G 

2.54 BSC 

0.100 BSC 

J 

0.23 1 0.27 

0.009 1 0.011 

K 

- 1 5.08 

- 1 0.200 

L 

7 62 BSC 

0 300 

BSC 

M 

0° 1 15” 

0° 

15” 

N 

0.39 1 0.88 

0.015 

0.035 




1 

NOTES. 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION L TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4. DIM F MAY NARROW TO 0 76 (0.030) WHERE THE 
LEAD ENTERS THE CERAMIC BODY. 


DIM 

MILLIN 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

19.05 

19.94 

0.750 

0.785 

B 

6.23 

7.11 

0.245 

0.280 

C 

3.94 

5.08 

0.155 

0.200 

D 

0.39 

0.50 

0.015 

0.020 

F 

1.40 

1.65 J 

0.055 

0.065 

G 

2.54 BSC 

0.10C 

IBSC 

J 

0.21 1 0.38 

0.008 

1 0.015 

K 

3.18 1 4.31 

0.125 

L 0.170 

L 

7 62 BSC 

1 0.300 BSC 1 

M 

0” 1 15° 

0” 

1 1 

N 

0.51 1 1.01 

1 0.020 

1 0.040 1 


|> 1 0.25 (0.0101 ® |t| B@! 


2 BASE 

3 EMITTER 

4 NO CONNECTION 

5 EMITTER 
6. BASE 

7 COLLECTOR 

8 COLLECTOR 

9 BASE 

10 EMITTER 


2 SOURCE 

3 GATE 

4 NO CONNECTION 

5 GATE 

6 SOURCE 

7 DRAIN 

8. DRAIN 

9. SOURCE 
10 GATE 


11. NO CONNECTION 11 NO CONNECTION 

12. EMITTER 12 GATE 

13 BASE 13 SOURCE 

14 COLLECTOR 14 DRAIN 


CASE 646-06 (14-PIN DIP) PLASTIC 



STYLE 1: 

PIN 1. COLLECTOR 

2. BASE 

3. EMITTER 

4. NO CONNECTION 

5. EMITTER 

6. BASE 

7. COLLECTOR 
8 COLLECTOR 

9. BASE 

10. EMIHER 

11. NO CONNECTION 
12 EMITTER 

13. BASE 

14. COLLECTOR 


NOTES; 

1. LEADS WITHIN 0.13 mm (0.005) RADIUS OF TRUE 
POSITION AT SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "L" TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSION "B" DOES NOT INCLUDE MOLD 
FLASH. 

4. ROUNDED CORNERS OPTIONAL. 


STYLE 5. 

PIN 1.GATE 
2. DRAIN 
3 SOURCE 
4. NO CONNECTION 
5 SOURCE 

6. DRAIN 
7 GATE 

8. GATE 

9. DRAIN 

10. SOURCE 

11. NO CONNECTION 

12. SOURCE 

13. DRAIN 

14. GATE 



DIM 

MILLIM 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

18.16 

19.56 

0.715 

0.770 

6 

6,10 

6.60 

0.240 

0.260 

C 

3.69 

4.69 

0.145 

0.185 

D 

0.38 

0.53 

0,015 

0.021 

UJ 

1.02 

1.78 

0.040 

0.070 


2.54 BSC 

0.10C 

BSC 

H 

1.32 

2.41 

0.052 

0.095 

J 

0.20 

0.38 

0.008 

0.015 

K 

2.92 

3.43 

0.115 

0.135 

L 

7.62 

BSC 

0.30C 

BSC 

M 

—0 

10” 

0” 

10” 

N 

0.39 

1.01 

0.015 

0.039 



I 


I 
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PACKAGE OUTLINE DIMENSIONS (continued) 


CASE 648-08 (16-PIN DIP) PLASTIC 



NOTES; 

1. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 

2. CONTROLLING DIMENSION; INCH. 

3. DIMENSION "L" TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

4. DIMENSION "B" DOES NOT INCLUDE MOLD 
FLASH. 

5. ROUNDED CORNERS OPTIONAL. 



PIN 1 CATHODE 

PIN 1. COMMON DRAIN 

2. CATHODE 

2 COMMON DRAIN 

3. CATHODE 

3. COMMON DRAIN 

4. CATHODE 

4. COMMON DRAIN 

5 CATHODE 

5. COMMON DRAIN 

6. CATHODE 

6. COMMON DRAIN 

7. CATHODE 

7. COMMON DRAIN 

8. CATHODE 

8. COMMON DRAIN 

9. ANODE 

9. GATE 

10. ANODE 

10. SOURCE 

11. ANODE 

11. GATE 

12. ANODE 

12. SOURCE 

13. ANODE 

13. GATE 

14. ANODE 

14. SOURCE 

15. ANODE 

15. GATE 

16 ANODE 

16. SOURCE 



DIM 

MILLIIV 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

18.80 

19.55 

0.740 

0.770 

B 

6.35 

6.85 

0.250 

0.270 

C 

3.69 

4.44 

0.145 

0.175 

D 

0.39 

0.53 

0.015 

0.021 

F 

1.02 

1.77 

0.040 

0.070 

G 

2.54 BSC 

0.100 BSC 

H 

1.27 

BSC 

0.05C 

BSC 

J 

0.21 

0.38 

0.008 

0.015 

K 

2.80 

3.30 

0.110 

0.130 

L 

7.50 

7.74 

0.295 

0.305 

M 

0° 

10° 

0° 

10° 

S 

0.51 

1.01 

0.020 

0.040 


CASE 650-05 CERAMIC 



NOTES. 

1. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION "A" AND "B" ALLOW FOR LID 
MISALIGNMENT, AND GLASS MINISCUS. 

4. DIMENSION "H" SHALL BE MEASURED AT THE 
POINT OF EXIT OF THE LEAD FROM THE BODY. 

5. LEAD NUMBER 1 IDENTIFIED BY TAB ON LEAD OR 
DOT ON COVER. 

6 DIMENSION "J" INCLUDES SOLDER LEAD FINISH. 
7. LEAD NUMBERS SHOWN FOR REFERENCE ONLY. 


DIM 

MILLIN 

ETERS 

INC 

RES 

MIN 

MAX 

MIN 

MAX 

A 

9.40 

9.90 

0.370 

0.390 

B 

6.23 

6.60 

0.245 

0.260 

C 

1.53 

2.15 

0.060 

0.085 

D 

0.36 

0.48 

0,014 

0.019 

G 

1.27 BSC 

0.050 BSC 

H 

0.64 

1.01 

0.025 

0.040 

J 

0.11 

0.17 

0.004 

0.007 


6.35 

9.39 

0.250 

0.370 


18.93 

_ 

0.745 

— 

N 

— 

0.50 

— 

0.020 


CASE 654-07 METAL 


— A— ’ 

re- 



t 

c 


j 

K 

1 

• UU uu- 

L 

D 







STYLE 1: 

PIN 1. COLLECTOR 

2. BASE 

3. EMITTER 

4. OMITTED 

5. EMITTER 

6. BASE 

7. COLLECTOR 

8. OMIHED 

STYLE 5: 

SIDE 1 (NPN) 

PIN 1. COLLECTOR 

2. BASE 

3. EMITTER 

4. OMIHED 
SIDE 2 (PNP) 

5. EMITTER 

6. BASE 

7. COLLECTOR 

8. OMITTED 



DIM 

MILLIM 

ETERS 

INC 

RES 

MIN 

MAX 

MIN 

MAX 

A 

8.51 

9.40 

0.335 

0.370 

B 

7.75 

8.51 

0.305 

0.335 

C 

3.81 

4.70 

0.150 

0.185 

D 

0.41 

0.53 

0.016 

0.021 

G 

5,08 BSC 

0.200 

iBSC 

H 

0.71 

0,86 

0.028 

0.034 

J 

0.74 

1.14 

0.029 

0.045 

K 

12.70 

_ 

0.500 

- 

M 

45° BSC 

45° BSC 

N 

2.54 BSC 

0.100 BSC 


CASE 751A-02 (SO-14) PLASTIC 




R R R R H R 


14 8 

® 7 

f. 

H y y y y y 

G 

1 1 

1— [' 



D-^|-^UPL ^'K 

l-fl 0.25(0.0101 ® It Ib ®1a ® 



P l-fl 0.25 10.010) @ I B 




C I l I 

F—J 


NOTES: 

1. DIMENSIONS A AND B ARE DATUMS AND T IS A 
DATUM SURFACE. 

2. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

3. CONTROLLING DIMENSION; MILLIMETER. 

4. DIMENSION A AND B DO NOT INCLUDE MOLD 
PROTRUSION. 

5. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 

PER SIDE. 


HI 


mm 










KilcicVJ 


TM 


gf 


BIEB 









gTiini 

BTinSB 

n 




BirnB 

mm 



IBM 



■m 


l'iTi!i?ni 



mrm 



BiKiTiM 


HSH 

mm 

■EH 
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Application Note Abstracts 

(Application Notes are available upon request.) 


AN-21 1 A Field-Effect Transistors in 
Theory and Practice 

The basic theory, construction, and application information for 
field-effect transistors (junction and MOS types) are given. Also 
included are some typical test circuits for checking FET 
parameters. 


AN-270 Nanosecond Pulse Handling Techniques in 
1C Interconnections 

The rapid advancement in the field of high speed digital in- 
tegrated circuits has brought into focus many problem areas in 
the methods of pulse measurement techniques and new con- 
cepts dealing with these problems. This paper is intended to 
discuss the more common, yet perhaps not well 


AN-421 Semiconductor Noise Figure 
Considerations 

A summary of many of the important noise figure consider- 
ations related with the design of low noise amplifiers is pre- 
sented. The basic fundamentals Involving noise, noise figure, 
and noise figure-frequency characteristics are then discussed 
with the emphasis on characteristics common to all semicon- 
ductors. A brief introduction Is made to various methods of data 
sheet presentation of noise figure and a summary is given for 
the various methods of measurement. A discussion of low noise 
circuit design, utilizing many of the previously discussed con- 
siderations, is included. 
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Discrete products are available from Motorola in three quality 
levels: Industrial/Commercial grade, Military grade, and Cus- 
tomer Specials. 

This Reliability and Quality Assurance section contains infor- 
mation on final test and quality assurance processing. Included 
is a listing of Q.A. tests and the applicable MIL-STD methods 
relating to the above-noted quality levels. 

High reliability (JAN, JANTX, JANTXV, and JANS) processing 
of transistors is outlined by using a processing and quality control 
flow chart. 

A glossary of Reliability and Quality terms is also included. 


Reliability and 
Quality Assurance 


8 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


8-1 


Reliability and Quality Assurance 


Quality Levels 

Most small-signal discrete products are available from 
Motorola in three quality levels: 

1. INDUSTRIAL/COMMERCIAL GRADE — Identified by 
a part number prefix such as 2N, MM or MRS and tested 
to a published Motorola, JEDEC or Proelectron 
specification. 

2. MILITARY GRADE — Identified by a 2N part number 
prefix, a JAN, JTX, JTXV or JANS suffix, and manu- 
factured and tested per MIL-S-19500. 

JAN — Controlled lot with sample environmental and 
life testing 

JTX — Same as JAN pius 100% processing 
JTXV— Same as JTX plus 100% Internal visual 
inspection 

JANS — Same as JTXV plus wafer lot acceptance and 
additional 1 00% processing requirements. 

3. CUSTOMER SPECIAL — Screening, testing and mark- 
ing as determined by the customer to meet his particular 
requirements. This may range from a custom-marked 
industrial/commercial grade product to a hi-rel product 
which is subjected to a series of stringent inspections 
and tests to meet aerospace or special military 
requirements. 


Final Test Processing 

Device lots are subjected to 1 00% processing in Final Test. 
This processing may be as simple as electrical testing to data 
sheet specifications or as complex as a series of mechanical, 
environmental and burn-in screening tests preceded and fol- 
lowed by electrical readouts. All lots, whether industrial/com- 
mercial, military or hi-rel, are subjected to a minimum eight-hour 
storage bake at 150°C or 200°C. 

Quality Assurance Processing 

All products are transferred to QA where they are subjected 
to Group A electrical testing, usually to the same specifications 
used by Final Test. In the past, QA has primarily performed 
sample testing; but now, at Motorola, most small-signal metal 
can transistors are 1 00% electrical tested by QA, and when this 
expansion program is completed, all small-signal transistors will 
be subjected to 100% QA electrical testing. Military and hi-rel 
lots may undergo additional 1 00% screening in QA. Using the 
popular 2N2222A family as an example, Table 1 compares the 
varying degrees of preconditioning and screening that are done 
on the 2N2222A, 2N2222AJAN, 2N2222AJTX, 2N2222AJTXV 
and 2N2222AJANS transistors. QA randomly selects test sam- 
ples for Group A, B and C testing as defined in MIL-S-19500. 
The Individual tests are defined in MIL-STD-750. Tables 2 and 
3 list the Group B and C test requirements for the 2N2222A 
military family. 


TABLE 1 — 100% PRECONDITIONING AND SCREENING (Example of 2N2222A Family) 


Test 

MIL-STD-750 

Method 

Condition 

2N2222A 

2N2222AJAN 

2N2222AJTX 

2N2222AJTXV 

2N2222AJANS 

1 . Electrical tests 

— 

go - no go 

100% 

100% 

100% 

2. High temperature storage 

1032 

200°C, 24 hours 

— 

100% 

100% 

3. Thermal shock 

1051 

C, 20 cycles 

— 

100% 

100% 

4. Constant acceleration 

2006 

20,000 G, Y1 

_ 

100% 

100% 

5. Particle impact noise 

6. Hermetic seal 

2052 

B 

— 

— 

100% 

fine leak 

1071 

GorH 

— 

100% 

100% 

gross leak 

1071 

A, C, E or F 

— 

100% 

100% 

7. Electrical tests 

— 

read & record 

_ 



100% 

8. H.T. reverse bias 

1039 

150°C, 48 hours 

_ 

100% 

100% 

9. Electrical tests 

— 

read & record* 

— 

100% 

100% 

10. Full-power burn-in 

1039 

25°C, 1 68 hours 

— 

100% 

— 

1 1 . Full-power burn-in 

1039 

25°C, 240 hours 

— 

— 

100% 

12. Electrical tests 

13. Hermetic seal 

— 

read & record* 

— 

100% 

100% 

fine leak 

1071 

G or H 

— 

100% 

100% 

gross leak 

1071 

A, C, E or F 

— 

100% 

100% 

14. X-ray 

2076 

_ 

— 

— 

100% 

15. External visual 

2071 

— 

— 

— 

100% 


*Bin & cell may be used for JTX and JTXV product 
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TABLE 2 — GROUP B TESTS (Example of 2N2222AJAN/JTX/JTXV/JANS) 


Inspection or Test 

MIL-STD-750 

Method 

Condition 

LTPD (Accept No.) 
and Military Classification 

SUBGROUP LTPD 



10(0) 

Physical dimensions 

2066 

— 

JANS 

SUBGROUP LTPD 



15(1) 

Solderability 

2026 

— 

ALL 

Solvent resistance 

1022 

— 

ALL 

SUBGROUP LTPD 



10(1) 

Thermal shock 

1051 

Cl , 25 cycles 

JAN, JTX, JTXV 

Thermal shock 

1051 

C3, 100 cycles 

JANS 

Hermetic seal 




fine leak 

1071 

G or H 

ALL 

gross leak 

1071 

A, C, E or F 

ALL 

Decap internal visual 

2075 

— 

JANS 

Bond strength 

2037 

A 

JANS 

Die shear 

2017 

— 

JANS 

SUBGROUP LTPD 



5(2) 

Operating life 

1027 

25°C, 340 hours 

JAN, JTX, JTXV 

SUBGROUP LTPD 



20 (0) 

Decap internal visual 

2075 

— 

JAN, JTX, JTXV 

Bond strength 

2037 

A 

JAN, JTX, JTXV 

SUBGROUP LTPD 



10(2) 

Intermittent operating life 

1037 

25°C, 2000 cycles 

JANS 

SUBGROUP LTPD 



10(2) 

Accelerated operating life 

1027 

125°C, 96 hours 

JANS 

SUBGROUP LTPD 



7(2) 

High-temperature storage life 

1032 

200°C, 340 hours 

JAN, JTX, JTXV 


TABLE 3 — GROUP C TESTS (Example of 2N2222AJAN/JTX/JTXV/JANS) 


Inspection or Test 

MIL-STD-750 

Method 

Condition 

LTPD (Accept No.) and Military 
Classification 

SUBGROUP LTPD 



15(1) 

Physical dimensions 

2066 

— 

ALL 

SUBGROUP LTPD 



10(1) 

Thermal shock 

1056 

A 

ALL 

Terminal strength 

2036 

E 

ALL 

Hermetic seal 




fine leak 

1071 

G or H 

ALL 

gross leak 

1071 

A, C, E or F 

ALL 

Moisture resistance 

1021 

Omit initial precond. 

ALL 

External visual 

2071 

— 

ALL 

SUBGROUP LTPD 



10(1) 

Shock 

2016 

1500G 

ALL 

Variable-frequency vibration 

2056 

100-2000 Hz 

ALL 

Constant acceleration 

2006 

20,000 G 

ALL 

SUBGROUP LTPD 



15(1) 

Salt atmosphere 

1041 

— 

ALL 

SUBGROUP LTPD 



10(1) 

Operating life 

1026 

25°C, 1 000 hours 

ALL 
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High Reliability Processing of Transistors 


I WAFER PROCESSING 

After wafers are processed, they are subjected 
to Motorola visual inspection requirements and 
overlay geometry wafers are subjected to a 
sample SEM inspection to assure good step 
coverage. The wafers are then probed to elec- 
trical requirements and the rejects are inked. 
Finally, they are sawn and separated to form the 
individual dice. 


II ASSEMBLY 

The die are attached to headers and then wire 
bonded. The following mechanical tests are per- 
formed by Quality Control inspectors on a sam- 
ple basis to ensure assembly process controls. 

(1) Wire pull tests 

(2) Die push off tests 

Units are stored in dry air until ready for capping. 


Ill CAN WELD OR LID SEAL 

Completed headers are loaded into a vacuum 
chamber for can weld or processed thru a fur- 
nace for top attachments on ceramic packages. 
Ail devices are subjected to a high temperature 
storage (stabilization bake) prior to final electri- 
cal test. 


PROCESSING AND QUALITY CONTROL FLOW CHART 



VII SCANNING ELECTRON MICROSCOPE 

All JANS product with overlay geometry requires 
a SEM inspection per MIL-STD-750, method 
2077. To assure good metallization step cov- 
erage, Motorola monitors all overlay geometry 
transistor wafer lines whether or not it is 
required. 


XII CUSTOMER SPECIFIED PROCESSING 

Screening, testing and marking as determined 
by the customer to meet his particular require- 
ments, which may range from a custom-marked 
standard product to a hi-rel product that is sub- 
jected to the most stringent tests for aerospace 
or military applications. 


VIII 100% HIGH POWER DIE VISUAL 

The high power portion of the inspection is per- 
formed to assure good die construction and front 
metal conditions. Individual reject criteria 
includes the following: Metallization defects 
such as scratches, voids, corrosion, adherence, 
bridging and alignment. Poor die construction 
conditions such as oxide and faults are also 
rejected. 


IX 100% LOW POWER ASSEMBLY VISUAL 

The low power visual inspection controls work- 
manship, i.e., die attachment, internal lead-wire 
attachment, and package defects. Die attach- 
ment inspection includes assuring good watting, 
die placement and proper orientation. Internal 
lead wires must have proper arc and all attach- 
ment bonds must be properly placed and in good 
condition. Package defect inspection includes 
checking for foreign material, improper construc- 
tion and cracked feedthroughs. 
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IV 100% FINAL ELECTRICAL TEST 


V QUALITY CONTROL 


VI WAREHOUSE 


Completed devices are subjected to 1 00% test- 
ing to electrical requirements. When different 
devices are sourced from a single product line, 
they are sorted for voltage and gain. 


Although it has been traditional for QA to perform 
sample testing, today most small-signal metal 
can transistors are 1 00% electrical tested by QA. 
Soon, all transistors will be 100% tested by QA. 
Group A and B tests are performed on JAN 
devices. Group A and B tests and 100% proc- 
essing are performed on JANTX, JANTXV and 
JANS devices. Group C testing is required on a 
periodic basis. 


Upon completion, the finished product is ready 
for shipping. Purchase order requirements are 
carefully checked again prior to shipping. War- 
ranty tests (Group A) are performed every 24 
months on military devices. 



VI 

WAREHOUSE 

SHIP 

CUSTOM SPECIAL 


X 100% QUALITY CONTROL PROCESSING XI GROUP B AND GROUP C INSPECTION 


a. High-temperature storage 

b. Thermal shock 

c. Constant acceleration 

d. Particle impact noise (JANS) 

e. Hermetic seal 

f. High-temperature reverse bias 

g. Full-power burn-in 

h. X-ray (JANS) 

i External visual (JANS) 
j. Read and record parameters 


Typical Group B Processing 

a. Physical dimensions 

b. Solderability 

c. Solvent resistance 

d. Thermal shock 

e. Hermetic seal 

f. Decap internal visual 

g. Bond strength 

h. Die shear 

i. 340 hr. operating life 

j. Intermittent operating life 
(JANS) 

k. Accelerated operating life 
(JANS) 

l. 340 hr. storage life 


Typical Group C Processing 

a. Physical dimensions 

b. Thermal shock 

c. Terminal strength 

d. Hermetic seal 

e. Moisture resistance 

f. External visual 

g. Shock 

h. Variable-frequency 
vibration 

i. Constant acceleration 

j. Salt atmosphere 

k. 1000 hr. operating life 
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Test Descriptions 


The following tests are frequently used for screening, acceptance and evaluation of semiconductor devices. 


A. Steady State Operating Life (SSOL) 

The purpose of this test is to evaluate the bulk stability of 
the die and to generate defects resulting from manufacturing 
aberrations that are manifested as time and stress- 
dependent failures. 

Conditions: T/^ = 25°C, PD = max rated power 

B. Intermittent Operating Life (lOL) 

The purpose of this test is the same as Operating Life in 
addition to checking the integrity of both the wire and die 
bonds by means of thermal stressing. 

Conditions: T^ = 25°C, PD = max rated power. T(on) 
= ■'■(otf) = 1 min. 

C. High Temperature Storage Life 

The purpose of this test is to generate time/temperature 
failure mechanisms and to evaluate long-term storage 
stability. 

Conditions: T/^ = 150°C no bias applied 

D. High Temperature Reverse Bias (HTRB) 

The purpose of this test is to align mobile ions by means 
of temperature and voltage stresses to form a high-current 
leakage path between two or more terminals. 

Conditions: T^ = 150°C, Vqb = 80% max rated Vqb, 

E. Hiah Temperature High Humidity Reverse Bias 

(H3tRB) 

The purpose of this test is to evaluate the moisture resis- 
tance of non-hermetic components. The addition of voltage 
bias accelerates the corrosive effect after moisture pene- 
tration has taken place. With time, this is a catastrophically 
destructive test. 

Conditions: T^ = 85°C, RH = 85%, Vqb = 80% max 
rated Vqb, 

F. Moisture Resistance 

The purpose of this test is to evaluate the moisture resis- 
tance of components under temperature/humidity condi- 
tions typical of tropical environments. 

Conditions: Mil-Std-750, Method 1021. 


G. Pressure Cooker 

The purpose of this test is to evaluate the moisture resis- 
tance of non-hermetic components under pressure/ 
temperature conditions. 

Conditions: T = 121°C, P = 1 atmosphere (15 psig) 

H. Temperature Cycle (Air to Air) 

The purpose of this test is to evaluate the ability of the 
device to withstand both exposure to extreme temperatures 
and the transition between temperature extremes, and to 
expose excessive thermal mismatch between materials. 
Conditions: Mil-Std-750, Method 1051, -55°C to 150°C, 
15 minutes dwell time at each temperature 

I. Thermal Shock (Liquid to Liquid) 

This test is an accelerated version of temperature cycle. 
Conditions: Mil-Std-750, Method 1056, 0°C to 100°C, 15 
seconds dwell time at each temperature 

J. Terminal Strength 

The purpose of this test is to evaluate the ability of the 
device terminals to withstand the lead forming and tension 
associated with component installation into a circuit. 
Conditions: Mil-Std-750, Method 2036, Condition E. 

K. Solderability 

The purpose of this test is to determine the solderability of 
the device terminals. 

Conditions: Mil-Std-750, Method 2026. 

L. Salt Atmosphere (Corrosion) 

The purpose of this test is to accelerate the corrosion effects 
of an environment in which salt (NaCI) is present. 
Conditions: Mil-Std-750, Method 1041 

M. Mechanical Stress Tests 

Vibration, shock and constant acceleration tests are infre- 
quently used since they rarely generate failures in small- 
signal transistors. However, they are still specified for ac- 
ceptance of military product. 
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Glossary of Reliability and Quality Terms 


Acceptable Quality Level (AQL) — A measure of quality for 
which a given lot will be accepted most of the time. This is 
usually established at a probability of acceptance equal to 
95%. It is referred to as the producer's risk because the 
probability of rejecting a good lot Is 5%. 

Acceptance Number (Ac) — The largest number of defec- 
tives in an inspection sample under consideration that will 
permit acceptance of the lot. 

Acceptance Tests — Tests to determine conformance to 
specification requirements as a basis for lot acceptance. 

Average Outgoing Quality (AOQ) — The average quality of 
outgoing product after 100% screening of rejected lots. This 
is usually measured in parts per million (PPM). 


Mean Time Between Failures (MTBF) — The total measured 
operating time of a group of equipments divided by the total 
number of failures of a repairable equipment. In the case 
of an exponential failure distribution, this ratio is the recip- 
rocal of failure rate. 

Operating Characteristic Curve (OC curve) — A graph of the 
probability of acceptance as a function of the lot quality or 
process average quality, whichever is applicable. 

Percent Defective — The number of defective devices In a 
lot divided by the total number of devices in that lot, mul- 
tiplied by 100. 

Probability of Acceptance (Pa) — The fractional probability 
that a lot will be accepted, usually expressed as a decimal. 


Average Outgoing Quality Limit (AOQL) — The maximum 
average outgoing quality that is possible for a given sam- 
pling plan. 


Process Average Quality — The expected quality of product 
from a given process, usually estimated from first sample 
results of previous inspection lots. 


Defect — Any deviation of a device that does not conform 
to specified requirements. One device may contain more 
than one defect. 

Defective — A device which contains one or more defects. 

Double Sampling — Sampling inspection in which the in- 
spection of the first sample leads to a decision to accept, to 
reject, or to take a second sample. The inspection of a sec- 
ond sample, when required, always leads to a decision to 
accept or to reject. 

Failure — The inability of a device to perform a specified 
function within previously-established limits. 

Failure Rate — The statistical probability of a failure occur- 
ring within a stated period of time. For electronic compo- 
nents It is usually assumed that failures follow an exponen- 
tial distribution, in which case the failure rate over any stated 
period of time is constant. The failure rate of semiconductor 
devices is generally given in percent per thousand hours. 

Infant Mortality — Premature failures occurring at a failure 
rate substantially greater than that observed during sub- 
sequent life prior to wear-out. 

Lot — A group of devices from which samples are drawn 
and inspected to determine compliance with acceptance 
criteria (Inspection lot). 

Lot Tolerance Percent Defective (LTPD) — A measure of 
quality for which a given lot will be rejected most of the 
time. This is usually established at a probability of accep- 
tance equal to 10%. It is referred to as the consumer's risk 
because the probability of accepting a bad lot is 10%. 


Quality — A measure of the degree to which a product 
conforms to specification and workmanship requirements. 

Rejection Number (Re) — The smallest number of defectives 
In an inspection sample under consideration that will pre- 
vent acceptance of the lot. 

Reliability — A measure of the performance of a product 
over a specified period of time. 

Sample — One or more devices selected at random from 
an inspection lot to represent that lot for acceptance 
purposes. 

Sampling Pian — A specific plan which defines the sample 
size and the criteria for accepting or rejecting a lot. 


Screening Tests — Tests employing nondestructive envi- 
ronmental, electrical, thermal and/or mechanical stresses, 
for the purpose of Identifying anomalous devices. 


Single Sampling — Sampling inspection in which a decision 
to accept or to reject is reached after the Inspection of a 
single sample. 

Wearout Failures — Those failures which occur as a result 
of deterioration processes and whose probability of occur- 
rence Increases with time. 


100% Inspection — Inspection of every device, in which each 
device is accepted or rejected individually for the charac- 
teristic concerned, on the basis of its own inspection only. 
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